DOCOMEHT RESUME 



ED 138 538 



SO 010 026 



TITLE 



INSTITUTION 



PUB DATE 
NOTE 

AVAILABLE FROM 



EDES PRICE 
DESCRIPTORS 



What^s the Use of Land? A Secondary School Social 
Studies Project - 

Jefferson County Public Schools^^ Lakewood, Qolo.;' 
National Aeronautics and Space Administration, 
Washington, D* C. 
Oct ^76 
69p. ' . 

Superintendent of Documents, U* S* Government Printing 
Office, Washington, D*C. 20U02 (Stock Number 
033--000-00665-9, $1.45 paperbound) 



IDENTIFIERS 



MF'-$0.83 HC"-$3. 
Class Activitie 
Education ; *Cur 
Objectives; *En 
Concepts; *Geog 
Approach; *Lar>d 
Skills; Physica 
Secondary Educa 
Units; State Hi 
Colorado 



50 Plus Postage* 

s; Concept Formation; Conservation 
ricuium Development; Educational 
vironmental' Education; ^Geographic * 
raphy Instruction; * Interdisciplinary 

yse; Learning ActivifJies; Haps; Map 
1 Geography; Rural Trban Differences; 
tion;^ ^Social Studies; Social Studies 
story 



ABSTRACT 

A land use unit using information from space programs 
is intended to help secondary teachers develop, plan, :and implement 
land use programs in the social studies classroom* The subject of 
this unit d,s a flood control dam' in Colorado. Interdisciplinary 
curriculum includes activities in mapmaking, environmental and 
mathematical studies, local community history, and physical ^ 
g-sography* The project may be used in its present form or altered to 
fit a land use investigation in an existing curriculum. The 
publication is divided into three major partsv Part I describes the 
multidisciplinary unit concept, pro vides a curriculum outline, 
specifies objectives, suggests other land use studies, aj^d outlines 
learning activities involving aerial photographs, drainage basins, 
flood threats to a community, water volume during a flood, location 
of flood control dams types of dams, and effects of dam construction. 
The second part gives advice on where to obtain and how to use data 
for surveys* Part III provides information on factors that influence 
land nise and suggests cl/ass activities. Topics discussed include 
rural and urban land use, transportation, commerce, agriculture, 
forestry, recreation-, and environmental protection. Maps,, aerial 
photographs, and a bibliography are included in the document. 
(Author/DB) ...^ ' . 
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.It'has been said thai America's space program 
awakened mankind to the significan(!ie of the warn- 
ing of conservationists and environmentalists that 
the Earth is indeed ^finite. It was Christmas Eve, 
i968,that NASA's '^AiDollo 8 rounded 'the Moon 
and^ook pictures of the Earth, pictures that thrill- ^ 
ed TV viewers the world around. The sight inspired 
'Archibald MaoLeish to write in the December 26, 
.1968 New York Times: 

"For the first time in all of time, men have 
seen the Earth: seen it not as continents or 
oceans from the little distance of a hundred 
miles or two or three, but seen it from the 
. .depths of space; seen it. whole and round JKid 
beautiful and small ... a tiny raft in the enor^ 
IT) ous empty night.'' 

The sight brought home to man for the first 
time toe importance of his giving careful thought 
to maki'ng the .best use of his resources on this 
**tiny xafft." 

It has also been said that America's space pro- 
gram provides man with the promise of solving the 
problems concerned with his wise husbanding of 
the Earth's resources. 

The flights of NASA's weather satellites, and its 
Geminis and ApoUos shov^ed man the possible uses 
of Earth observations' from .space. The flights of 
NASA's Skylab plus those bf its LANDSAT^l and- 
2 made clear that this potential could be realized. 
From the information gained by such observations, 
tnankind might su^ccessfully plan its future use of 
Earth's resources HI such pursuits as land-use plan- 
ning, agriculture, water resources management, 
fishing, forestry, transportation, and mining. 

This publication, W/icEf's the Use of Landl, is 
one- of the first efforts in social studies teaching to 
sfiow~h'ow NA space obser\/ations can integrate 
with other data sources in social studies, as well as 
in environmental education. It is a valuable, pio- 
neering effort in curriculum literature of the social 
studies. 

The idea for undertaking a social studies in- 
structional unit in this little-understdod but^impor- 
tarit area of mankind's progress grew out of a 
NASA-sponsored conference conducted by 



NASA's Educational Programs Division and the Na-. 
tional Council for the Social Studies at the Mar- 
,shall Space Flight Gentler in June 1974. Present 
were NASA scientists and educationists who dis- 
cussed the social iniplicatioris of science and tech- 
nology' with selected curriculum leaders of the so- 
cial studies. • 

Among those" present were Anthony J. Pebrillp, 
Director of Secondary Educatibn, .Jefferson* 
County, Colorado; Public Schools, and Francis L 
Tallentire, a member of ' the Skylab Education Pro- 
gram team at neighboring Denver's Martin Marietta 
Aerospace, who was serving as a Conference con'; 
sultant. After their discussions together and later 
with colleagues, a committee from the Jefferson 
County Schools assisted by Martin Marietta person- 
nel developed and. used this teaching unit. 

For those social stuidies educators interested in 
environmental education, not only as an area of 
societal concern but also as a field for interdisci- 
plinary instruction and school-community involve- 
ment, this hovv-ft-can-be-done guide should provide 
useful ideas and helpful suggestionJi. 

Appreciation is expressed' to Dr.' William- C, 
Schneider, NASAls Deputy Associate Administra- 
tor for Space Flight, and Mr. Tom Hanes of his 
/staff, who served as the Skylab Educational Pro- 
gram contact, whose interest and support made the 
Marshall Conference, p6ssible;vta Dr. Frederick B. 
Tuttle, Director of NASA's Educational Programs, 
and Mr. Robert S. Tiemann, Educational Programs 
Officer, NASA, for coordinating this publication 
activity; and to Dr. Ted Paludan, of the Earth Re- 
sources Office at the Marshall Center, whose work 
with thetonference inspired this effort. 

/. ■ 

We. appreciate the initiative and creativity of 
the Jefferson County^ Public Schools in (conducting 
this project, piarticurarly the contriljution of Mr,^ 
Petrillo an^d his^colleagues, Mr, Williafn .White, So- 
cial Studies Coordinator; Ms B. J. Meadows, Envir- 
onmental Education Coordinator; Mr., Harold J. 
Pratt, Science Coordinator; Mr, Alan B. Swanson, 
Science Teacher, Columbine High School; Mr. 
Calvin G. Johnston, Social Studies Teacher, Bear 
'Creek Senior High School; and Mr. William C. Von 
Vihl, Social Studies Teacher, Carmody Junior High 
School. „ 



ERLC 



Epr evaluation of the publication, we thank Dr. 
Wendell F. McBurney, Director, Office of Sponsor-' 
Programs; Indiana University-Purdue University. 
,at Indianapplis; pr. Lee feummerlin, Associate Pro- 
fessor, School of Natural Sciences, University of 
Alabama in Binningham; Mr. Edward C. Stoever, 
Jr.,..School of Geology and Geophysics, University 
? of Oklahoma; and Dr. James R..Wailes, Professor 
oif'Sclfepce Education, University of Colorado. . 

To the if\rmy Corps of Engineers,. particularly 
Major Peter J. Novernbre and Mr. .Leirry S. Buss, 
appi^eciation is expressed for assisting the project 
with information on 'dams and'We 1965 Colorado 
Flood. 
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ation is expressed for the'involvement of its Skylab 
Education Program team in this worthwhile educa- 
tion project, pai^ticularly for the services of Mr. 
Francis I. Tallentire, who provided initial inspira-.., 
tion and continued assistance, and his associate Mr. 
Gayle A. Parker. 
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' In 1973 the National Aeronautics and Space 
Administration published a" series of books with 
the general title' of '*Skylab Experiments/' The ob- 
jective of these books was to show the educational 
community that scientific information derived in^ 
'the NASA Skylab space station program would be 
available for use in the schools of the nation. 

There are many ways ''in "which information 
frorh space programs can be used in education. The 
most readily appreciated way is to use the results 
of an investigation to up;date science curricula. 

The^same results, or the information used by 
the investigatar'^in reaching the ifesults, also can be 
appUed to educattonal needs. Information obtained 



from programs dedicated to observation of Earth 
. from high altitudes is particularly applicable. 

The*thre§ crews who manned NASA's Skylab 
;v spacecraft between May 1973 and February 1974 
obtained thousands of photographs of Earth. Simi- 
larly NASA's two LANDSAT spacecraft have been 
photographing Earth since mid-1972. 

This document, prepared as a part of the on- 
gojing educational activity of the National Aero- 
nautics and Space Administration, shows how 
these pictures of Earth can be combined with in- 
formation from several other sources to aid in 
teaching several school curriculurn topics. It also . 
provides an example of the yalu^ of using informa-* 
tion^-from many sources in the proceSs;;^pt'evalu~ 
ating events and making decisions. .... 



L introduction 



The first ideas for this^book developed at a 
meeting -at the (Seorge C, Marshall Space Flight 
Center in Huntsyille, Alabama, The'NationarAerp- 
nautics and Space Administration (NASA) invited 
, several members of the National. Council for the 
Social Studies bo a meeting where the objective was 
to discuss ways and means for NASA to better 
se.rve the social studies branch of the teaching pro- 
fession. ,^ 

' y s i 
« At this .iieeting, a NASA Earth resource^ scien^ 
tist described a nationwide land use survey made 
by a large number of students in Great Britain us- 
ing data from ph-site studies in the field. That sci^ 
entist also showed the results of a survey of the 
state of Tennessee made by two people in only a 
few days using remote observations from Eailh or- 
bital satellites. The thought that students could 
• make similar surveys stinuilated the writing of this 
pubUcation. i 

The concept of a student land use survey was 
discussed with the curriculum development team 
of th^ Jefferson County Public Schools in Colo- 
\ rado. In th^sf discussions it soon became appai-ent 
Vhat the cun-iculum potentials included much more. 
than a classroom activity involving mapping the 
fejitures on the ground in the area of study. 



A new flood control dam to be located ia the 
area of Denver, Colorado, became the ceiilrai^opic 
in. a progi*am involving a wide v^iriety of currimilum 
fields, such-as mapmaking, local community his- 
tory, physical geography, mathematics, and envi- 
ronmental studies. Consequently; a prototype of a 
multidisciplinai-y '3.mit concept was developed for 
later incorporation by the Jefferson County cun-ic- 
ulum team. This s}>udy concept is. the major part of 
this publication. By describing in detail, the cross- 
disciplinary activities that result from this specific 
study, similar activities may be stimulated in pro- 
grams of , other schools. In fad, enough detail on 
every study aspect is included so tliat any study 
group can conduct this same land use investigation 
by only using Ihc data%;ontained herein. ^ .'^ 

This publication is diyidod into three major sec- 
tions, Sectign III describes the multidisciplinary 
unit concept, and includes suggestions for other 
land use studies. Section IV gives advice on where 
to obtain data for sui-veys'and how to use the data. 
The third major section is an appendix that dis- 
cusses the'different facers that influence the use 
of land. This is included as a reminder of the fac- 
tors that should be considered in making local land. 
sui*veys. r\ 



il. Objecfives 

. The prime objective of this publication is to 
stimulaie in the mind of the educational reader an 
awareness of the role that can be played in educa- 
(|^tional programs by inforrrjation generated in ad- 
ivanced technology programs, such as aircraft or 
spacecraft land surveys. 

Using data from such programs, educational 
materials can be prepared that are valuable ad- 
juncts to existing curriculum materials. The appli- 
cation of such data can enrich curricula by provid- 
* ing more up-to-date information than published 
- texts may achieve, and can foster studies of local 
features to a level of detail that .standard texts can 
never achieve. 

A second objective is to shovv the reader hov^ 
to get the information needed and suggest ways in 
which the information can be applied. 

While the main- thrust of the document is di- 
rected U> the educators, it has equal potential as a 
guide to members ,of noneducational professions. 
Local community planners may benefit from the 
knov/.ledge of available information and^its applica- 
tion potential, » 




A. A Concept^ 



The administrators for the Jefferson County 
Publie'Schools near Denver, Colorado, are contem- 
^'platin^ ^ land use unit using information acquired 
from space programs as an additibn to their curric- 
ula. The unit is designed, not only as an exercise in 
the- use of data from rnany sources including ad- 
vanced technology programs, in land use studies, 
but disc as an introduction to the investigative 
processes that a^^ necessai'y to reach sound conclu- 
sions. To be able to defij"ie^he objectives of a 
study, to be able to id<?htify what data are required 
and- analyze the data, and to recognize and evaluate 
the injtGrEictix)ns between elements of a study are all 
^indispensable steps along the way to rational solu- 
, tions of pi^oblems. ' ' , 



A flood control project near Denver, Colorado, 
W£is selected as the subject of this unit. 

Table 1 is a matrix ttet shows how vailous 
school disciplines can "be applied in the study of 
three aspects of the dam. It shows what curriculum 
elements apply to the evaluation of the need of 
such a flood control project. It shows how othei' 
elements are-applicable to a stucJy of this location- 
of the dam and to a study of the effects of the dam 
on the natural and man-made eavironments. 

This flood control project is now in work; con- 
^ struction work has started and property in the area 
is being relocated. Therefore, the students can 
actually verify some of their classtoom conclusions 
by observations in, the field. . . 



Table 1 The Need. The Location, The Effect 
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An outline p[ the multidisjiplino study d^vol- 
oped by and for the Jefforson County Schools is 
presented in the following section. 

I'he outline is divided into Anir areas: A. the 
major goals of the unit; B. the ultimate outcomes 
of the. unit; C. the topics to be taught; and D. 
evgiluation. 



As a guicio to teachers ^and cuhiculum devel- 
opers, the first part of section B has been devel- 
oped in some detail. Descriptions of the study ac- 
tivities 'dX'c given. Copies of the data necessjiry for 
the study have been included, together with illus- 
trations of some of the techniques to be cju ployed. 
Additional copies of the illustrations in this section 
have been provided in full page format as tear out 
pages at the back of the book so that they can be 
used as originals for classroom work sheets or for 
transparencies for overhead projectors. 



1. CURRICULUM OUTLINE 

(TITLE) COMMUNITY PtiOBLEMS AND METHODS OF SOLVING THEM 

(UNIT PROBLEM) WHAT ARE THE PROBLEMS THAT ARISE FROM THE FLOODING OF URBAN 
AREAS? • 

Unit Description: ^.Students who .take this unit will develop a recoj^nition that the solution of com-/ 
munity problems requires information c^nd skills from many different disciplines and fields of human 
activity. The protective measures being undertaken to prevent disasterous flooding of the Denver Metropoli- 
tan area will be used as an example of the -ways that several disciplines must be applied to understand and 
solve a community problem. In the search for solutions to the various aspects of this problem, students will 
apply various fields of study: mathematics, physical science. Earth science, social studies, and others. 

A. Major Goals of the Unit: . 

1. To establish student awareness of the .pote.ntial flooding problems that may exist in many urban 
♦ areas, and of the processes that must be applied to understand the uses and misuses of land. 

2. To develop student' understanding that problems may have many aspects, and that their solution 
requires the application of information and skills from many fields of human activity. 



V 3. To /develop the students' ability* to recognize the environmental effects of natural and hum.m 
activity. 

4, To develop student unde^rstanding of the natural and man-made environments. 

5. To develop student awareness of the responsibilities implicit in man's use'^bf land to fulfill his needs 
or desires, : ^ 

/B^^ Ultimate Outcomes of the Unit: . 

1. Knowledge or information to be learned. To complete the study the students should be able to: 

a. Identify the main features on aerial photographs and different types of maps. 

b. Deterxnine the sizes of the draina^'e basins of river systems that flow into the metropolitan are^.- 

c. Determine the volume of water that can flow into the metropolitan area under flood conditions. 

d. Define the threat to the community posed by flooding. 

e. Define the factors that influence the location of flood control dams. 

f. ' Understand the difffjrent types of dams and how they support loads. 

g. Understand the immediate and long-range effects of the construction of a dam on the natural 
and man-made environments. 

2. Attitudes to be developed. At the conclusion af this unit the students should be able to: . . 



a. Demonstrate an awareness of the value of different sources of 'information in the solution of 
. problems, v ' * — 



b. Demonstrate an ability to objectiviriy ovaluato large-scale environment-affecting events in a 
riianner-that shows awareness and^-fderstanding^oLtlie many asi3(>ets of the situation. 

c. Demonstrate the ability to evrUiuUe the fa'ctory that influenee the use of land. ■ 

d. - Understand the«\vays tiuii^li fie rent value orientations influence the use of land. 

.3. Skills to be used studyi;ig^the unit. At the eonelusion of this unit the students should be able to: 



a. Demonstrate h^rpretation of maps and photogi-aphs. 



b. Demonstrate the ability to analyze maps and photographs to dc-termine the size, areas, and 
volumes of features. , 

e. Identify the types ofinformation I'equired to conduct land use surveys. ."^ 
d. Demonstrate awareness of the* clim-acteristics of the local ecosystem. 

C.^ Topics To Be Taught: . . 

1. The different types of maps, and how can they be used. ' ^ ^ 

2. The human, ge.ejogieal, and climatic history of the community. * 

3. The prevailing climate in the region. ' ' ■ . 

4. The environment of the area under study, and the conditions of the natural and man-made environ- 
ments. ' . ; . , i 

5. The effec'ts of building or not building the dam on the natural and man-made environments. 

6. Calculating the volume of the valleys in which dams might be built. 

«? . ' ■ • ■ • ^ ■ . 

1\ The main types of dam used throughout the world. 



D. Evaluation: 



1. . Examination of map reading and .photograph inte'rpretsiionTe^g., determine scale, size, areas, and 
elevations of valleys, streams, cities, etc. 



2. Examination of understanding ofjite relevance of physical science and mathematics to community 
problems. ^ ^^"^"^^ 



3. Essay exaniin.at-rcn on how -to make a particular ty-pej of land use study. Given a problem, and 
inform^ti<j!Tfrom various sources, the student should be able to use'the necessary analytical skills to 

^^^^riwan objective solution. v. • .. ' 

4. Essay exam.ination on the many features and interactions that make up what, is called ''the environ- 
ment.'* . 

5. Examinationi.^f "the students' unde>-standing of the application of different skills and information in 
the geper^l problem solving process. ' • ^ ■ . ^ - 



2. EXAMPLES OF STUDY ACTIVITIES 

The following arc examples of specific activ- 
ities listed in Section B.l of the preceding curncu- 
luni outUnc?. These activities are designed to make 
the student familiar with some of the studies and 
decisions that must be made hi'fore any flood con- 
trol project can be^nn. These activities are i)ased on 
the development of the Bear Creek dam to be built 
southwest of Denver, Colorado. All of the specific 
activities are in such detail that — ■ im ' 
in other areas can use the dat-: 
room, exercise without any a 
If a group desires to perfoi" 

tive to local conditions, th< ii.uun 
the appropriate maps and phou^f...4Mi. ihe local 
area. 

Ill some cases, tl:e information provided relates 
specifically to the dam under construction in Colo- 
rado. In other cases discussion themes are given 
that could be applit^d to any area. 

a. Identify the main features on aerial photo^ 
graphs and different typos of maps. The materials 
required ar^'* U.S. Geological Survey (USGS) maps 
of Lhe .area of interest; aerial ' photographs of the 
same area; and, possibly, other inaps such as oil 
company maps that will show a larger area in a 
more convenient form than the requisite number 
of USGS maps (you may need more than one 
USGS map). 

Th(^ Department of the Interior pnn'idcs aerial 
photographs at several scales at reasonai)le cost. It 
will be lK\st to buy-the USGS map and then ask for 
photographs at the same scale.'Di^pending on the 
region of the country to be studied, there might be 
significant differences in the dates when the map 
was drawn and the photographs were taken. De- 
tailed comparison of both wilT reveal the changes 
' that^ad taken place in tlie time between the tw(\ 
preseiitations. 

Figures 1 and 2 are, respectively; an aerial 

photogi'aph and a portion of a USGS map of the 

location of Ihv. flood' control dam project at the 
same scale. ' . 

Detailed examination of both images will reveal 
many similarities and differences. As would be ex- 
pected, the photograph shows nu:ch more detail. 
Trees, the shapes of houses, driveways, and tbi* 
shapes of fields and their cultivation patterns are 
all visible in the photograph and could not be ex- 



i . 
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pectc^d to be included in the .^lap. For example, 
culti^vatior. patterns might vary from ycnr to year 
and 'would therefore be quite inappr()|)riate for in- 
clusion on a map. 

Other differences can be reco^nix.ed. Some 
roads and streets do not upp(»ar on the ma[) l)e- 
cause the ma]^ was prepared in 19G5 and the 
photograph was take!\ in August 197.1. 

To aid in the comparison of the two figmvs, a 
transparancy can be made of the map (Fig. 2) to 
use as an overlay on the ph(>t(M.rra,)h. The type of 
transparency used on an ov* i rojrrtor will ho 

ideal. ■ 

b. Determine the sizes of ihi uaniage basins of 
•ivcr systems that flow into the metropolitan area. 
The materials required in this artivity a»'e: USGS 
maps of the areas that drain into the metropolitan 
photogi-aphs such as those availalDle from Skyl'ab or 
LANDSAT, and relief maps of the area, if avail- 
able. This material can be obtain(?d as explained m 
item a. above and in Section 4. .A ''Where to Obtain 
Remotely Sensed Data.'' 

The extent of a river drainage basin 's (Icfine<l 
by the ridges that divide the flow of water to 
river under study or to the neighboring river. Tlu' 
technique used to identify this bounda.-y on a nu\|) 
is to follow each river upstream from a starih>u 
jM)int, such as the point wlien* the river «'nler?; th** 
metrop{)litah area. ' - 

Each tributary should be followed U. its 
source. After a few triiiularus havi* brer 'rat rvl. w 
will be easy to recognixe the gt-neral patt*'rn (»f 
tribvitaries instead of having to trace each strr/un. 

^^X^relief map of the area is easier to inter|>n'i m 
this activity^jrhe shading used to represi^nt valleys 
and mountains slTr)Ws the ridges very ch'arly, 

If a relief map is not available, the How (I'm- 
tion in a* drainage system and the divjdf's Ix'lwern 
drainage systems can be determined by"" .carefully 
analy/ingMhe direction of tbe contour hnrs alonu 
the courseOf a river. 

Figure 3 is a simplified example of ihc sliapr of 
contour iines in a valley and along a ridge. A valU'v 
can be recognized by the way the coiU'our lines 
ma|ce a V [point ing toward the higher alt it udes. The 
contour lines d(»fining a ridge make V's pujntmg 
the oth(»r way. 
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-DRAINAGE BASIN 
BOUNDARY 



Figure 3 Schematic of Drainage Systems 



Real maps arc not quite as simple a> this. The 
, contour lines wander about much move than the 
example shows and require much jnore careful 
tracing. 

. . Having plotted the boundaries of the drainage 
"areas, it is easy to find .the area. The area of the 

shapes on the map can be measured by overlaying a 

grid and counting the squares. 



The area in squarO' kilometers is given by the 
expression: 

Map Area (square centimeters) x Map Scale^ 
100,00p^ (number of centimeters in kilometer)^ 

Figure 4 is a USGS relief map of part of Colo- 
rado. It shows the river systems that drain into the 
Denver metropolitan area. The river valleys and. the 
ridges between are vei7 easily recognized. 
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Fi^^ire ^7 USGS Relief Map of Central Colorado 



V\\!\\xe 5 is a mI :t- ^ (jf pari v)!' tiic sai: 
'. taken from > \>A" Skylah spai-o station at . 
Luclc* of ()V(M* ; kil' iit'trrs. This can Ik* roii 
I'd to tli(» rt»li('' : i iidp tracp th(- conrsrs tr 
rivors, the trihu'ari' . anci the lid^cs bctwcuM^. 
tpios can bo niacio of [he ''tear onl'' c:opy of 
Figure 4 on which th(» sUidonts'can |:>lot the out- 
lines of the four drainage biisins upstream of 
Denver. The rivtn* systcMiis of int(M*est ar(\ reading 
(!h)ckvvise from the eity, Cherry Cr(»ek, Plum 
Creek, South Platte, and Bear Creek/Turk(\v Creek. 

Dams are shown across ihe Cherry Creek Riv(»r 



sont heast of th(» i .ly (C; 
S" j:h Platte southwest 
The Chatfield La: 
afely d(;wnstream of tlv 
i(» and Plum Creek. T 
• drainage hasms is n 



rry (-r(H»k Lake) and the 
} the (aty (Chatfi(»lc: 
Dam is located immedi- 
nfluenee of Ihe Soutr. 
flood threat tVom th(»s< 
v diminished l)ecau.s(^ of 



A onc-cr itimeter grid . an 
c student'.- plots of the draii 
Figure 6. Students can estim... 
linagt! basins l)y counting stjuar 



iprrimp^ )sed on 
nasins shown 
• he ireas of the 



'hatfi(»l(l and Clu^rry ( veek dams. 



Iwgurc* G is a plot of the U .- xnw ag(» |-)asins. 
Only the main channels of eac:i ■ the rivers have 
l)een incliid(*d. .A transparcMicy* -^u^ as ai^ ()V(»rhead 
projector transparency, can be made irom the 
*'tear ou*'' ct)py of : igure 6, and ibis can be used 
a.N an ov -rlay to simj:)lify the task i)f clKU'king the 
stiid(Mits' drainage area plots. 

The Ch(M-ry Creek and Soutii Plat(7Plum Crr; k" 
dramnge areas shown on Figure (i have b(»en termi- 
nuttu.l at the Chen-y C'reek and Chatfield Dams, re- 
spectively. The Bear Creek/Tu»'kcy Cre(»k drainage 
ar(»a has l)e(»n t(»rminated at. th(* site* of a new dam 
that i.s uncliM* construction. 



12. 



EKLC 




Figurj/6 Watershed Areas Draining Into Denver 



The soale of Figures 4 an({] 6 is 1:779,500, i.e., 
1 centimeter represents 7.795 Kilometers. Using, 
the above equation the areas can^to sfalc^^u^ated. The 
values listed in the following table also can be used 
to check the students' answers. 



DRAINAGE 
AREA AT 

DAM SITE" X 


MAP 
/AREA, 
s£| cm 


. FULLSIZEAREA 


sq km 


sq miles 


CHERRY CREEIC . 


15.V 


918 


354 


PLU^M CR.&EK: 


13.35 


811 


313 


SOUTH /lATTE: 


'110,38 ^ 


670? 


2590 


BEAR CREEK/ 
>URKEY CREEK: 


10.23 


B22 


240 



c. Determine the volume of water that can Dow 
into the Metropolitan Denver area under flood con- 
ditions. The estimation o*f water flow at a point in 
a river system is complicated. It involves sdveral 
variables. First, rainfall 'amounts must be. deter- 
mined for 4;he. area being studied to estimate th<» 
volume of water collected. 



Rainfall data {iiu U^ QhiMniHl fmrn \hr Xkt^ 
tional Weather S^tvu *-, Th<* nrar^^iit offuf .>f ihU 
*;*Tvi(:e sh(nil<l tx» lifted \n th^» whit*- j>ai:rs i>f Uu* 
telephont? dirt'*rtory urulrr llu* )u\'uhni.: ./ ^ tutr^r 
States Gov¥rruUi'ht _ <*onunvn . rx-jnirt mI u?/* 

The Nat,i()nal Weather Servit t» publi^iuv^ a\vni^» 
rainfall data for all offitial wi*silh<»r ^Utiom. Vhv 
service also i'omput*vs vcUUi^tit-al v?iIu«t^ of rtiitxi' 
mum rainfall, for thiv purpo.^<»?i Of t^vjluatinj; thnkl 
hazards. ; * » . . • 

' i 

The^ Corps of hiiu»ni*erj» t>f thr f S Army aUa 
has developed a statistical meth'tHl o? ^?»tmviilintf 
storm rainfalLs arnl nb9ds, Their ^mrihcxl a«.*>j? a 
plot of storm rainfall intensSiti<*s arr<m t\\v enunlry, 
P^igure 7 i.s a rofjy of a plot of equal rnrnfall Unr^ 
(isohyeLs) fo^ the United States ea.U of the Conti- 
nental. Djvid(^. The rainfall value?* •ri»pm*int^ th*^ 
maximum average depth of^rnin failing in 2i houn> 
ovt r a 20p^square-mile ari»a. Thi<L i.< ealletl tho **in* 
dex raihfiill/'i Another graph jiMHl to factor ti[u> 
24-h()ur inilox rainfall to make nllowaju for dif- 
ferent durat '>ns of rainfafl nnd diffeo nt ^\7A'it of 
storm areas. Figure 8 is a copy of thu*^ K'raph 
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" . Figure 7 Index Rainfalt Plots East of Continental Divide 

f . ' - ' 20,000 



These two. figures can be used in-the following 
way to find" the rainfall over the drainage basin 
areas derived in the preceding activity. From Fig- 
ure 7 an ..index rainfall -value of 8 inches can be 
derived for the Denver area. Then, entering Figure 
8 at an area representing the Plum Creek drainage 
basin— approximately 300 square miles— and a 
storm duration of 1 hours, a ratio of about 110% 
can bp obtained. Tr.is gives a theoretical rainfall 
depth value pf 8.8 in hes*. Using this figure and the 
area of 313 square r-.ies, the volume of water col- 
lected can be calculated: 



8.8 inches Rainfall,. 3^3 square miles x 
12 inqhes in a foot 

5280^ (feet in a mile)^ = 

6.399 X 10'' (6.399 billion) cubic Teet. 

Another variable to be considered is the rate of 
runoff— that is, the rate at which the Jrain water 
drains into the rivers. This is influenced by many 
factors. The wetness of the ground determiaes how 
much watfer is soaked up by the soil and how much 
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can* run; off. The slope of the terrain— hillsides, valr 
leys, etic.-~governs the velocity with which the 
water rims off. . 

^Alsd: the shape of the terrain in the flood plain 
greatly iinfluences the nature of the flood. If the 
river rur^ . through a naiTow, steep-sided valley, the 
water will retain its high velocity and will sweep 
away str<icture&,in its path. If the terrain is flat, the 
water wilj spreaa'Q.yer. a wide area, and the velocity 
will be vJ^^ry'low. Mud and silt will be deposited, 
and the d.fimage suffered by the community in the 
flood- plaii> will be the result of soaking. 

Becaus^fi of the many variables, estimnficjn of 
flow, rates? is beyond the scope of thi . ..llkU lu. 
However, .ihe^ students wll have developed some 



awarene.ss of the amount of water involved in a 
major storm. 

To give the student an. indication of the way a" 
heavy storm Ijecomes a serious flood, an example 
of one flood is included. A serious storni in June 
1965 caused considerable damage to the City of 
Denver and to the South Platte Valley all the way 
downstream to the Missouri River. 'Figure 9 is a 
plot of rainfall depths recorded in the head water^ 
of the valley in 'the two days of the storm. Meas- 
ured discharge rates in some of the rivers have been 
included on the plot to show how runoff - '^n ^ 
related to rainfall. A fl 'v \- of 1 54.< 

ond was r(*cutded on Pkun Cic^ck. For 
.coiin.,.. u>on, the highest flow rate" recorded the pre- 
vious year was 290 cubic feet per second. The high- 




Figure .ij Rainfall Depilm and River Flow Rates, June 1 965 Flood 
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est measured flow rate for the whole area was on 
BijQuV?reek (466,000 cubic feet per seconr') For- 
tunately this fl6w missed- the City of Denver. The 
inte'resuhg aspect of this information is that Bijou 
Creek is rtormally bone. dry. 

d. Define the tjhreat to the comnuinity posed by 
flooding. A flood in a river basin can pose a throat 
to a community if there la 3 possibility ^ of struc- 
tural damage, Won omic loss, or loss of life among 
the residents o:^the flood plain 

■ . \ ' 

\ " , 

Thevsbest way to illustrate this cuncept is to 

study a specific case—the flood that occurred in 
June 1 965. in the valley of the South Platte in 
•Colorado and Nebraska. Th study begins by 
-briefly describing the flood plain area in terms oi 
potential damage. \Then, a ' c; \:;cviption "of tht 
weather conditions that precipitated the flood fol- 
lows. Lastly is a desoription of the types of damatjc 
that occurred, with a summarj^ of the economi'. 
cost of the flood to the communities in the flood 
-plain. o 

J. D^'srription of the flood plain area:- The thirty 
.communities, that ex|>erieiicCcl flooding in June 
1965 had a total population in 1960 of about 
•1,000,000. These communities ranged in size from 
^metropolitan Denver (population ; 929,3-83.) to 
three towns of less than 100 persons each. .Outside 
of metropolitan Denver, the largest communities 
' that experienced flooding were Greeley*, Colorado 
(population 26,314), and Sterling, Qoknadc^ (popu- 
lation 10,751). 

Metropolitan Denver ranks as the tvventy-fiiih 
largest rnetropolitan area in the Unitr I Slates. It 
serves as the . marketing and d'lstribution eenter of 
the Rocky Mountain area, and the conmiercial, fi- 
nanGial,. manufacturing, professional, and cultural 
hub/of this vast region. Its leading in iustries by 
order of rank are manufacturing, ri^ail trade, 
wholesale trade, tourism, public^utilities, service in- 
dustries,, construction, . finance, and mining. In 
19d0,. there were 353,8^3 persons employed in the 
DenVer metropolitan area. 

.The South Platte River basin contains approxi- 
mately 15.5 million acres of.land and\ water— 12.7 
million acres are in farms, and ranchesjkjf which 
' 980,000 acres are irrigr^ted and 11,720^1)00 a< iTs 
are nonirrigated. Lives;tock and li^vstneK products 
^make up 48.perce-^' of the valm? :f all farm prod- 
'ucts produced in trie basin. Fioldi crops produce 39 



percent **of^the^value of farm production, and the 
remaining I3jbe,rce1it result from dairy operations, 
poultry, Vnd fr^it and truck crops. The major field 
crops produced j^q venter wheat, alfalfa, corn, 
barley, sugar Beets, field beans, hay forage sor-"* 
ghum; ' gi'ain sorghum, oats, potatoes, rye, and 
spring wheat. Irr^ation provides the stable base for 
th ' rural (?conomy of the basin. 

interstai n U.S. high- 

way: . ^^t'M' hh " nvs i . ; rse the South 

Platte iviv' basui. i : cU-nsities on ihe inter- 
state routes range fram 12,000 to v50.60j vehicles 
daily. 

\ 

The basin is served by sTx railroads. The Union 
Piicific; the Chicago, .^Burlington and Quincy; and 
the Chicago, Rock Island and Pacific Railroads 
traverse the » basin along east-west routes. The 
Atchison. Topeka and Santa Fe; the Denver, Rio 
Grande and Western.; and the Colorado and South-^ 
em Railroads cross the basin along north-south" 
routes. AH of the railroad routes converge on 
Denver, Colorado. 

Colorado's high mountains and incomparable 
scenic beautie's, vast forests, numerous fi.shing and 
boating waters, and wnter sport areas make the 
state a year-around va^^tion land for millions of 
visitors annually. In 1961 more than 6 million Visi- 
tors spent an estimated $505. million Jn the State 
of Colorado. The numlx^r of visitors of all vacatioi\ 
c:ategori(»s increased about 30 percent fi'om 1960 ^ 
to 1964 and their spending inrn»ased about 29 ptn- 
cent. * 

2. The weathvr conditions. During the afternoon 
of June 16, unprecedented amounts of rain (esti- 
mated up to 14 inches in a few hours^at Larkspur, 
Colorado, and 10 inches near Castle Rock, Colo- 
rado) fell on the drainage areas of East and West 
Plum Creeks in the foothills of the Palmer Lake 
area. The average 6-hour rainfall over 1,000 square 
miles was '4.8 inches. Again, on the 17th of Juno, 
heavy rains occurred across eastern Colorado. A. 
series of 12- to 14-inoh centers were reported in 
the Falcon, Peyton, and' Fords, Colorado area 
northeast of Colorado Springs. Average 6-hour 
rainfall values of 18 inches or more during this 
perio<l were reported nt»nr Two Buttes and Holly, 
Coh- 'ido (se Fig. 9). 

nsettled weather continued until July 26,' 
1965. with repeated rainfall and runoff in areas of 



earlier flooding. During the periocJ July 23 to 26, 
the stoirri pattern also extended dver the foothills 
areas of the Bear Creek and Cldar Creek water- 
sheds, ^ i 



3, The 

Platte Ri \ 
ing June anci . 
Flooding began on ilie 



Vhe sU'eanis of the ' 
\t'h flooding occurr. 

^;hown on Figiii iu. 
rUu rn tributaries on June 



14. As the storm moved southward, imajor flooding 
occdrred on Plum Creek, Cherryl Creek, Sand 
Creek, and Toll Gate Creek jon the South Platte 
River and its downstream tributariesythe Cache La 
Poudre River, the Big Thompson River, and on the 
right bank tributary streams (Box Elder, Kiowa, 
Bijou, Badger, and Beaver Creeks). The Plum Creek 
and Bijou Creek basins received the pnore intense 



rainfall and experienced the higher peak discharges. 
During July, * Plum Greek, Cherry Creek, Sand 
Creek, and the Bijou Creek basins experienced re- 
peated flood runoff that hampered recovery opera- 
tions an'i caused additional damage, particularly to 
tempr y ''\n\ crossings constructed to accom- 
modate Lrariu iffer the bridge destruction in June. 
'^Moreover, Creek and Clear Creek, in the met- 
ropolitan area of Denver, experienced flooding dur- 
ing the July storms. These two streams had be'en 
outside the area of major storm runoff in June. 



In terms of total damages, the damages in- 
flicted by the flood runoff of the'^northern, tribti- 
•taries of the South Platte River were limited to 
road closings and moderate damages to farmlands, 




Figure 10 Rivers Draining Into South Platte 



roads, bridges, and urban; property. The flood dam- 
ages experienced on the streams that received, the 
full brunt of tjie storrn' runoff defy 'adequate, de- 
scription • without an intimate knowledge of pre- 
flood conditions and ^th? benefit of personal in- 
-spectiOn. In the Plum /Creek basin, interstate high-^ , 
way briclges and sections* of highway, which by rea- 
sonable standards were adequate to pass major ^ 
flood flows,- were demolished by the extremely 
high discharges and stages. Heavy ro'ad construc- 
tion equipment such as road graders, huge dump 
trucks, and cranes which had been p^ked in the 
Plum Creek flood plain wer^e^ almost completely 
buried under masses of sediment. Farther down- 
stream, farm buildings located as much as a quarter 
of a mile away from the strearn bank were carried 
aw.ay. New stream 'Channels appeared where the • 
buildin'^s formerly stood. As the flood proceeded 
downstream, heavy debris, consisting of huge up- 
rooted trees, parts of structures, cars, trucks, fuel 
tanks, and trailers, was carried on the crest of the 

- fldoa wave and slammed into other structures. 
When the Plum Creek; fldod entered the \South 
Platte River, .it spread out into the wider South \ 
Platte valley. While this valley storage served to 

' reduce the flood crest,; the damages inflicted on 
metropolitan Denvei* suggested initially that no ap- 
preciable reduction in the flood crest had occurred. 

^ Houses, bridges, trucks, trailers and cars, as well as . 
large quantities of material from commercial and 
industrial inventories, were added to the destruc- 

. tive foi:ce of the flood crest. After the flood wave 
liassed downstream, the aftermath of debris, silt, . 
and mud presented a scene of desolation that could 
only partially suggest the heartbreak and despair of 
the flood victims. In rnany instances, the losses suf- 
fered by property owners represented the accumu- 
lated capital assets of a lifetime of hard work that 
•were destroyed in a brief period of less than an 

. hour. 

'" .A \ 

Figure 11 is a map of a portion of the city of 
Denver. On it is indicated the extent to which the 
Southv Platte, spread. A simple count 'pf the number 
of buildings .that are enclosed by the^ flooded area 
will give a strong impression of the extent of dam- 
age caused by the flood. \ 

■ ■ ■ ■ ; ■ 

.. .. Figures 12 and 13 are ph.otogi-aphs taken after 

- the flood vhad subsided. These illustrate clearly 
wh2^t sort of damageyCan. occur. The areas covered 
by th'eseltwo photographs are indicated On Figure 



After the Plum^Oeek flood passed through 
Denver, it was joined by the flood discharge from- 
Sand Creek which, together with its tributary Toll 
Gate Creek; had just passed through another sector 
of metropolitan Denver destroying bridges and pri- 
vate property. The combined flows then passed on - 
downstream in the South Platte valley destroying- 
or damaging roads, bridges, irrigation structures, ' 
and agricultiural property in the iiTigate'd areas of 
the valley. The flood flows from the upper South 
Platte basin were .joined successively by the floods 
qoming out of the Cache La Poudre River, Box 
Elder Creek, Crow Creek, and Kiowa Creek. The 
flood crest gradually dimiriished as it passed down- 
stream in the South Platte River valley until it was 
joined by the flood discharge* from Bijou Creek, 
which was later computed to have, been 466,000 
cubic feet per second. This flood volume «then in- 
creased the area of inundation and destruction for 
an additional 190 miles along the So.uth Platte 
River and approxirtiately 35 miles along the Platte 
River valley downstream from North Platte, 
Nebraska. The vojume.of flood flow coni^ributed 
by the upper South Platte River arid Bijou Creek 
was joined by the flood discharges of Badger and . 
Beaver Qreeks as the floods proceeded downstream 
toward the Platte River. 

Throughout the South Platte basin, 108 
bridges, including federal, ^tate and county h'gh-. 
way bridges, as well as city bridged, were destroyed 
~ or severely damaged. Nearly every highway and 
railroad bridge crossing the South Platte River arttf 
Plum, Sand, and Toll Gate Creeks was damaged or 
destroyed. ^Several state bridges and most of the 
county bridges across Kiowa Creek, Commanche 
Creek, and Cherry Creek also were damaged or de- 
stroyed.. Although many bridge approaches v/ere 
washed out on Beaver Creek, Lone Tree Creek, 
Lodgepole Creek, 'Pavmee Creek, Crow Creek, and 
the Cache La Poudre River, only a few b^jdges 
were totally destroy<^d in these drainage basins. 
R^Hroad damage* throughout the entire area was 
sev^e, with., numerous\bridges darhaged or de- 
stroyed and trackage and\).allast washed away. It is 
estimated that from 700 to'QOO.niiles of highways, 
roads, and railroads sustained Varying degrees of 

damage. \; . 

.;■ \ 

The floods in the South Platte River basin took 
13 lives. Four lives were lost on Plurn^Creek,sthree 
on the Cache La Poudre River, iwo on Bijou Creek, 
two on Beaver Creek, and one each on the- Big 
Thompson River and Cherry Creek. 




Figure^ 12 Mississippi^ ^ortk 




The costs of urban flood damages in the catego- 
ries of residential, commercial ^nd industrial, pub- 
lic utilities, publicly-owned facilities, and miscel- 
laneous catefgories are summarized in Table 2. The 
miscellaneous - categories' include, such items, of 
damages as public and private cleanup, flood fight- 
ing, power and telephone, facilities, protection of 
flooded properties, public relief activities, preserva- 
tion of public health and prevention of disease out- 
break*), and others. 

Table- 2 also summarizes rural flood damage 
costs in the categories of farmsteads, live^ok, 
crop and cropland, itrigation ^tr.ucture^^d Vquip- 
ment, and miscellaneous categori^'RliscellaneQUS 
categoriespinclude damage to rural l^ojwer and tele- 
phone* companies, debris vemovaf, -fences and; 
equipment lost, pest control, and preservation of 
health. " ■■ ' " ' 

Transportatiofi facility damage, costs in the cat- 
egories of city streets and bridges, state highways 
and bridges, county roads and bri(lges, railroads 
and trucking facilities, and cargo and traffici^de-^ 
tours and delays, are included iil.'Ta^^e 2^ ; 

°No estimates have been made of the extra 
man-hours of: work required because of the flood, ; 
nor of the lost productivity caused by work inter- 
ruptions, traffic delays, and extra Hours required to 
perform normal activities. Such items as troops as- 
signed to patrol flooded areas'- in metrot)olitan 
Denver, ,1000 extra men put to work on initial- 



Figure 13 6th Avenue Loof^ing SW \ 
Table 2 Sunimary of Flood Danmge'in the South Platte Drainage Basin, June 1965 



URBAN DAMAGE 



RESIDENTIAL CQMIVIERCIA.L 
$11,280,800 $166,070,600 



UTILITIES 
,$ 5,322,200 



PUBLICLY 
OWNED . 
FACILITIES 

$ 4.353.500 



/ 



MISCELLANEOUS 
$ 4.131.500 



TOTAL . . 
$191,159,000 



RURAL DAMAGE 



ACRES 
FLOODED 



252,925^ 



FA^RMSTEADS 
$ 3,993,000 



LIVESTOCK^ 
$ 3.689.000 \ 



CROPLAND 
AND CROPS, 



IRRIGATION 

STRUCTURES. ^ . / 

AND EQUIPMENT MISCELLANEOUS JT ^tOTAL 



$ 20,962.000 $15,741,000 



$ 8.220,000 



x$52,605;000 



bAMAfeETO HIGHWAYS. BRIDGES. AND TRANSPbRTATIDN 



CITY 

STREETS 

AND 

BRIDGES 



STATE HIGHWAYS 
AND BRIDGES 



X 

^ RAILROAD & 
COUNTY ROADS TRUCKING 
AND BRIDGES. FACIUTIES^ 



TRAFFIC DELAYS, - 
AND DETOURS TOTAL 



$ 1,202,000"" $ 16.573,000 



$21,441,000 



$125,434,000 $ 6.662,000 



$171,312,000 



21- 



\ clean-up of flooded areas, the. use of C-119 Flying 
:iBoxcars to ferry emergency supplies to the stricken 
^ area, and Red Cross relief expenditures of almost 
= $900,000 for immediate relief of over 1400 familes 
or individuals in Denver alone can only hint at the 
' tot^l amount of related flood costs. In an effort to 
pr^yent outbreaks of encephalitis, $300,000 was 
spenl to spray more than 194,000 acres of flooded 
, lan:^; nevertheless, numerous cases v^ere reported. 

Mariy communities had to rely on bottled water 
■^suppliei^'and the loss of utilities resulted in wide- 
^ spread^and prolonged disruption of normal activi- 
ties. The destruction or damage to major traffic 
arteries in metropolitan Denver and throughout the 
basin caused severe disruptions of normal traffic 
movement and commerce. Moreover, the disruptive 
effect: of the initial damage and destruction of 
bridges, highways, and streets were compounded 
by repeated flooding in July and by damage to the 
temporary crossinga^ constructed after the June 
.floods. 

The flood in^ the S^6uth Platte' Valley in June. 
'1965 was a disaster toAthe metropolitan Denver 
area and to the sipall^f communities-ori down- 
stream. It was a rare^oi^curreneejn'the history of 
the city. The la&tf^ood of^comparable magnitude 
was in 1864. BecaUse^orfhe dams that have been- 
constructed, or ar^ being constructed, it is unlikely 
to occur digaXxij^^ . 

■ ' 

■/--^By contrast, consider tne situation in the 
r-Jtlississippi Valley. Each year wide areas of the val- 
ley are flooded. The economic-cost of any of these 
floods is measured in millions of dollars compared 
with the mere thousands of dollars in the South , 
Platte floods. Ironically, the Mississippi floods are 
caused by weather conditions that prevail a thou- * 
sand miles upstream from the scejie of the flood. 

Other floods can be caused by the backing up 
of ' water in baVs, rivers, and estuaries caused by 
. storm conditions over the oceans. For example, the 
floods. in Bangladesh in November 1970 were the 
result of a cyclone in the Bay of Bengal. A 2330 
square-mfle area was flooded and abou^t 30,000 
persons were killed. " 

e. Define the factors that infhience^the location of 
flood control danis. The fkctigrs that the dam 
builder must consider in choosingi the site, for a 
dam are best illustrated by discussing a particular 
example^the BearvCreek dam in Colorado about 
10 miles southwest of Denver. 



The materials needed for 'the study are pri- 
marily U.S. Geological Survey maps of . the area. 
Figure 2 is^a copy of the map of the area where the^' 
Bear Creek Dam is planned to be built. The loca- 
tion of the dam is indicated by the heavy line A- A. 

The lake to be retained behind the dam can. 
vary in size and depth depending on the amount 
and flow rate of water coming down the valleys 
feeding it. The Corps of Engineers, who are the 
designers of the dam, have identified three water 
levels that are important in the design of th^ flood ^ 
control facility. 

. 

These are the mi;ltipurppse pool, the flood 
control pool, and th^ maximum pool* 

■ . " . . ^ 

The multipurpose pool is the area of water per- 
manently contained behind the dam. It is planned"* 
for use as, a- recreational , area, and the altitude of 
the vi^ater surface will be 5558 feet! 

■. ■ 

The flood control pool, as its name implies, is 
considered to be the siz^ of lake" that ^ will .form, 
when a major storm causes serious floocJing condi- 
tions. The water sui'face .can reach as high as 
5635.5 feet. 

The maximum pool is an extreme design case 
and represents the, amount of loacl that the dam is 
required to suppor't.'Thfe water level of this lake. is 
^684.5 feet. . * . ^ ' ' ' , 

Using the elevations of the three lake surfaces* 
the students can find the size of each lake 'by fol- 
lowing contour lines on Figure 2. 

\Having plotted the three lakes, the students* ■ 
could study, the location of the dam and determine* 
for themselves if other positions in the area would 
be more or less practicaJ. For example, an alte'fna-' . 
tive location has been indicated by dashed line B-B. 
Ti)e line crosses the road a quarter mile down from 
the dam site, and it has been rotated to ensure th^t 
the south end contacts Mount Carbon. • 

, Cross sections of the valley can be plotted by 
measuring the wddths across the valley at each con- 
tour line. Comparison of the cross sections at A-A- 
and B-B wall show that a dam at B-B wotrfd have to 
be about one-third bigger than at A-A and that its 
top could be no higher than Mourft Carbon is at 
that point, i.e., 5680 feet: Figure 14 is an example 
of such a plot. The shaded ar^a shows the differ-, 
ence in size. 
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reason the dam must be much higher to retain the 
same volume of water. Just how much higher the 
dam must be can be determined by calculating the 
volume of the valley. * 

The calculation can be made l^y plotting cross 
sections of the valley at various locatiohs, such as 
at Points 1, 2, 3, 4, and 5 on Figure 15. The lines' 
on the map at these locations extend across the 
canyon from the 6400 foot elevation on oncside 
to the 6400 foot elevation on the other. 

It will help to select a vertical scale 'that exager- 
ates the depth somewhat. Figure 16 is an enlarge- 
ment of a plot of tHe cross section at Point 1. It 
was plottbd on Vi inch grid graph paper. The verti- 
cal scale was selected at y\ inch equals 200 feet or 
60.96 meters. The horizontal scale was the same as 
the map, i.e., 1:24000. Therefore a horizontal 
quarter inch represents _ ■ 




Figure 15 Alternate Upstream Bear Creek Dam Location 
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Figure 14 Comparison of Dam Sizes for Two 
Locations in Bear Creek Valley 



Ajibther location could be a quarter mile up- 
stream. The embankment would then be smaller 
than at position A- A, but the. high water mark 
would extend right up to the edge of the city of 
Morrison. 

Figure 15 shows another location; that is to 
locate the dam in the narrow canyon above Morri- 
son. The valley is much narrower than below the 
city so the dam would be shorter. But for that 



0.25 inches k 24,000 (nuin scale) , J., , 
39,37 (inches in a motcr) 

Consequently, a quj/rter inch square oi\ ihv 
cross section plot represeiUs a rectangle 1:52. I 
meters- wide by 60. 90 meters In^Oi, 9290.3 sqiuin* 
meters in area. 



\h.>rn,>uii af>*uii TjOU tvi-i hi^h 'i-v^iUhl <»jfi . hulii 
ahuLit twi;-Uurd-> ihv wi.U<'f lirlil by h^-air Tfvrk 
Lakt*. lnjT<-a.iUij^ the hi-it;hl ^st ihin iImh 'A^ukl 
eause the lake Uj k»xterid J-nto ihv tovwi iiilrd/jijr.-. 
Sn It ts evident that ihr plajuird l.-K^jitu^i: • H-t-uf 



To find the area ot thv vaMey eross section ii t-, 
now only nece.ssary to c<;uru how mai^y quarter 
inch squares are coyort^d. Irrej^ular sha[)es are 
**squared off* by eoLintin^ snuiller sijuares LitvtU a 
total of 25 small vSquares i.s reuehed, The i^rea -iliuwii 
in Figure 16 is about 5.2 "c|uart<*f ir.eh stjunrm" ur 

5.2 X 9^290^3 - 48,309 square met., rs. 
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Figure^ 16 Croas Section at Locniton I m 
. Figure 

The. volume of the vallf V is ohtaite.-d by I'niditii^' 
the average area at»I*fjint,s 1 throu^'h f>. I'hf .irc;» at 
6 Ls zero 'because the (MOO tuot ( rjntour hnr- 
crosse.s tiie river at this |>f>itU. 



t. I. lKler>taud t lie thttrivtil i> of aUuit j.ikd 
how tiieV '•up^utft load-*. iJ-tHi i .ir*- i iav^.j vl hy W:*- 

way-, ihry are runsiru^ u-ii r.-rfir^-r, r^^^- ^ rcir'.h,. 
arul "^ri.t,-.i ♦nrv , 



ll/ii^^fW data 'I ir^- txr^- i)^r^•f jij t.>i.\'.-i f^fi^'Hv 
rial.-, .ire ^'. h' l e t-r-r ;of tj: j: ; v > T\\,- 

-.horr. . 

A T'^k ;MltM| iLi;i; I . 1 ' M I r^ iv i 

WW.h ♦rif-f'H f 4 Uatefn^;tlt Ufi:.\U*- .Ifh i;X' ^' sy: 4 ^ vltirt- 

ti>iht ^ or»* Thi-'i (Luri.r.i «^e<>ri..>ftii» th^ ^. » ;f ivrr^e'- 
i'ri t ivr id «',if UiqiutiM.' ^i^e.»'-i ih'i -Mrj* > ir** »^;?» 
jeet^'d l-j I t.i'«' C!:of r. r- is'rud'i'r-i^'N^i' Jti JJ^j^t^tt ur-inr a^tvA 
V f I il r < • la i : 1 . t t.-i i ■ ..j pa ht { i C ? o f > • u;:l If w 3, a» i/.*> t „ 

wlulf' bftiid^'d I'.ru^ tuff. I'H l> .31.^ >r^v r»-'.»'\ {^**k^.U\ 



. • , Area. > .\r«'a. 
Average Art»a ^ ~^ir 



Ar.'iL, 



The vohune js found hy rnuit.rpKini: thi'. dr. 
tance long Uu' Ine' A A 1 iM^iirf 1 M hv Ui»' jfiiin 
and by the averatje area: 



Vohime (eubii^ meters) 

_ Distance A- A (centi meters I 
100 



X 2 i.ntJO N .\vu Ar»M 



P'or the valley shown in F''iu'ur»' I T) th^' eal* ti 
lated volume is a[>pro\injately \u> million euhir 
meters. 

Calculation of the volume of the ar Creek 
Lake can be done in exactly the same way. A>>um 
ing an elevation of 5680 for the maxmnjm water 
level, a volume ^of approximately million ( ut)U' 
meters was derived. : 



f.ypi' of darn .uMf ir. \a . » ^ulfij' t » ''^ tr'),'4\\y 

.\\>\\\,\\^\t-\ v.p{i ' ^>.u'- f'd e;,irih V' < av. J'^*- iuyt 

both ^JiifiU .md K»rVi>' 5Mpli» .iTj, >f\ >. S<'", Jif 

.ir*' tisc'd to fu.ikt' }h»- 'Unf K"^;-' iivi*^?v 

f,rjt»*d Ijy w'tN'j- p. h,.i^»" > 'iv;i^.^»r''.?ji(h^. = » »e,. fv^ir 

<'or»*. «t i',u\ i"*' inu-d or-, l.j J r »'•;•,»> T, n-irtth 

( o{\* r»'l<i*. or ;l, I ttv h;Jt-«-- A ■^)Mr t cVr-i . i ^,..is v. ■ « vh ** 

J.J Mhr.itnu^d vv .jr.r r w .l.t^,^n;^ lt\»- oMr- t?v 
th»* Karlh to ti^r rni<{(tii^ of th»^ ^Uma / f^^-i fu -r, 
dnnns; rorwUUt tion Thft hr.»- i.'n|;;v. . 
ronipnrt*-rJ to forTr. 1^ ^ .>t*' r,h 4? n i^rrj v*^ -ref);w^if 
Vioin tow »}.irf 

Kort Prrk ''•arth <l.un fn \(oTJt.oi/^,,3 ojt thr 

\fj.ssonn .HivtT f.^ the l.xr^i-^i &.\n\ tn It 

ronbue,/; ov*'r 1 2^) Tninf<>n evjhir y.ud.* of *^r^h Th<^ 

'lart>f'Ia i)ani unM^r ron^trnet«(»n in rM<i.'i^.^ji w«ul 
ronhun 1 Hr> nniI'.os>; ruhtr vnfd> ^/ir^h ir./{ 
nil wht;n it ?s^c()mpie{t\ 
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CONCRETE FACING- 




CONCRETE CORE ^ WATER-WASHED SECTION 

Figure 17 Section of Earth Dam 



Masonry dams are lassified as either gravity or 
arch dams. Because ti -sc are made of co orete, a 
dam of this type, with much less fill, can control a 
reservoir of much greater capacity than if con- 
structed with other materials. Water is supplied to 
.hydroelectric plants from masonry dams because 
the power plant requirements can easily be inte- 
grated into, the design of the dam structure, and a 
clean flow of water can be assured to the turbines. 



The gravity dam is massive, and the design de- 
pends on the weight of the structure for its 
strength. This dam is very stable because the resul- 
tant force, from the combination of water load and 
the weight of the structure, is generally in the mid- 
dle one-third of the base to insure that the total 
structure is in compress.'on as shown in Figure 18. 
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Figure 18 Cross Section of Gravity Type 
Masonry Dam 

An example of a gravity dam is the Grand 
Coulee Dam on the Columbia River in Washington 
(shown in the appendix). It has a volume of 10.6 
million cubic yards (8.4% of the Fort Peck earth 
dam) and holds 9.7 million acre-feet of water (50% 
of Fort Peck dam). 



An argh type dam obtains its stability by a 
combination of arch and gi'avity action. The sides 
of the arch are firmly anchored in the canyon 
walls, and the force of gravity acts downward to 
add stability to the structure. Good foundations 
are essential for a gravity dam, but the most inipoi 
tant feature of the mxh dam is to have firm, ro)^ 
able supports at the abutments (canyon walls). 
Many times, the gravity type is built when an arch 
type would be more economical because thr ma.- 
sive size of the gravity dam psycologically is fnorc 
impressive to the layman. 

Hoover Dam on the Colorado River in Ni -xdi 
is an example of an arch-type masonry dam. '''' 
volume of the structure is 4.4 million cubic : 
(3.5% of the Fort Peck earth dam) and it * 
29,7 million acre-feet (150% of Fort Peck dam) ; 
water. 
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There is an interesting list of the major dams all 
over the world in the World Almanac and Book of 
Facts. The list gives the height, width (crest 
length), volume of materials in the dam, amount of 
water contained, and the type of construction for 
over a hundred dams all over the world, 

g. Understand the immediate and long-range ef- 
fects of the construction of a dam on the natural 
and man-made environments- Evaluation of the ef- 
fects of any construction f^ctivity on an environ- 
ment must start with a deanition of what the envi- 
ronment is. In fact, two typjs of environment must 
be considered—natural and man-made. 

In the case of the natural envii'onment, the 
student should identify what/ wild animals and 
plants live in the region being studied- An approach 
would be to have the students develop a series of 
questions such as the following, and then to find 
the answers from field trips. 

Do big game animals such as elk, deer, or bear 
. range through the- area? Are there predators like 
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mc antain lion, bobeat, or coyote in the re^on? Do 
sm .11 animals such as rabf)it or badger live there? 
Dc the river" that is beini^ clammed support fanv 
:lie of beaver or otter; or do larger amphibians 
■U'. 1 as alligator Hve there? 

Vre the vnld animals in the ar^a protected or 
rolled hunting permit! d? 



'^^vU natural v f^Hn^ ' 

n- ,and area wi; 
:;h vegetatio 
hat is the p ( do mi 
ct with oth( i-s? 



s in th: t»a? Is 
.ation c is it wet 
•i is 'in V natural 
a lit anc low does 



action. They should Mave the opp-nrtun. to see, 
hear, sm::il, and feel ihe <^nvironn -nt, and to ex- 
perience ior themselves th(» subtK roles \ ayed by 
insects, animals, birds, plants, and i: \e \ve::iiier. Not 
only will this activity provide a h- is for evaluating 
the effects of flooding, but it wi, so introduce an 
awai'eness of the wide variety o irii^-; tha< Miter- 
act to prcr rve the deli uc bal: e iho aural 
' m. 



The ef] on the i. :xor:;n 
■tivitii- 1 i'ecessai'y in :;ie co: 
an:, as wel a> from the pi^-enc!' 
an:. 



result from 
.iuction of the 
the completed 
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other aspect the ; ■ uial- environment to 
died is its sc; ;itivity lo damage. Is there a 
isle of forest or brush fkes, and is there a 

r of permanent damage to the environment? 
there the po.-;ibility ^ at the veg( ition will 

back again ana heal \ scars? 



s the terrain trie sor: :iiat is very sensitive to 
er lon or to wear by t. iffic? Is the vegetation 
irrt'.-jarably damaged by the passage of half a dozen 
hikers, or a trail bike? 

The term man-made environment refers to the 
things we humans do to the country in order to 
live, work, and seek relaxation. Depending on the 
vievvpoint of an observer, the changes we make eire 
necessary, justifiable, or a mess. 

We must build houses to live in; factories or 
offices in which to work; stores where commodites 
are sold; roads, railroads, and airports for transpor- 
tation; mines for the extraction of raw materials; 
and dams for water control. The ways in which we 
use land are almost limitless and are discussed in 
more detail in the appendix. 

Rather than present detailBd~descriptlons of 
the environment in the vicinity of the Bear Creek 
Dam under construction in Colorado, this subject 
would be better appreciated if the gtydents made 
their evaluations of their local environments. No 
verbal description of a natural scene can have the 
impact that personal experience of an environment 
can have. , 

The students should be taken into the field and 
shown how to find for themselves which plants are 
natural residents of the area, and which are im- 
ported by natural means or ^ by deliberate human 



"he CO! structiop activities ir. : 
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no .-1 of stri turesy. such as h 
sometimes facories^ from the are: 
will c ollect. H.^rhways, railroads, a 
phone lines may have to be reroutes 



Je ex( avation 
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-ming them at 
buried under 
.:>onary. Other 
. iie include re- 
i-s, barns, and 
vliere the water 
- Dower or tele- 



The^ continuing and noisy construction or de- 
struction activity may drive away many of the 
natural residents and destroy the habitats of many 
of them. Ironically some wild creatures may not be 
driven away. Instead they xnight thrive on the new 
environment thatJ^prevails dunng'construction. t - 

After the. dam is complete a new "natural" en- 
vironment is created. A lake is formed that can 
biecome the home where the old residents might 
return or where now residents, animals or plants, 
might be attracted. ' . 

Depending on the regional planning poHcies, 
the dam and its lake may . become a beautiful park * 
with facilities for human residents to enjoy recrea-. 
^^onal-actiyities. 

Downstream of the dam, the environment can 
change. The zoning laws for urban (fevelopment 
can be revised to permit construction of buildings 
in the flood plain so that more efficient use* can be 
made of the land in the city. As a specific case, the 
city of^enver planning authorities are now con- 
templating the creation of river valley pjirks in 
areas where their periodic destruction by flooding 
would be inevitable were it not for the protection 
that is now assured by the flood control dams. 
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r-lated to tl ' effect of the dam 


is \i - strii; 


h-y ^ 


i activity tiiat has begun sinc^' 


con's f..! uci ^ 


)ftlv 


Tk>ar';Creek Lam started. Inter - 




iroti 0 


iravel from :..u» vall'^y bottoi 




;\e d.. 


in site is now i operation. Tw 


discos- ' 


' ' <i 


r.>r' out of thi: nrrv. of inform: 


tion. ' 




the ultimiiie iwironmcnt; 


effect 




)n?" The answe r is that i 


the e. 




r n the area to \ filled wit - 


v;ater 




oly will be cov< ; »d. Also, ^ 


has bet :> . 




ihe soil particles that have 


settled ci'. 




vel beds are rich in nutrients 


for the fi? 


•piiW- 


of the lake. 



the Bear Creek dam :irea. Adciii inf. nation 
on L^his subject can m» "obtaint-i" . )m r local 
Bureau of Land Manai "Tiient. 
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In urban areas. 

ties to detemiine tl 
ravelled. The more 

ressure tubes aero 
ler of times vehieU 
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Jr^ '^ys tU*e i ■ ■ • ir ic g- "- 
• r )Utes ti- . r.u.- leav. - 
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jf this type, car . ount 'the 
aumber of vehicles by lype-::-private c ar. ^ deliveiy 
trucks,' buses, ambu nnoes, etc. while ihe pressure 
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Sometimes it is :i( ssary to'determlre who 
pC'ople using the roa: are, where - - y live, 
where they.are going. ^ ublic transnor: system v.l. 
ncrs need irifpripatior. to develop the most ui- 
passenger r6utVsv In si rveys of this ty: v sampia 
are made of the traff: : at specific tir:es; vehi. 
ai-e flagged down, anci a few simple^ well chc:--- 
questions ""are asked of the driver ani passeng- 
Because it is important . that the pe- lae questior. 
should be delayed only a'few secrrds, the qu 
tions must be carefully planned, 'dv . uie questic: 
should be able to record the ans v.rs on a rep- 
form prepared in advaiice. 
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B. 0th- .^and Studies 



1, WHYaL \ LAND SURVEYS? 



Surveys 
about lane 
and how it ^ 



:nelhods of finding informatioti 
it 's like,' how it has been used» 
M sed. 



IS that of locating 
m. Three different 



A classic:: of su/vey 

property line- il descript 

types of sj .1 ■ used thrc aghout the United 

States— on( )r v. of the Ohio River, one for 
Texas, and ■ lownship/Range method. The lat- 
ter system locates land by Township (measured 
north and south of a reference lattitude "Base- 
line") and by Range (measured east and west of a 
reference longitude called a "Principal Meridian"). 
This system use: 3r different seti9 of Baselines and 
Principal N';-:^ridiaiis for about three-fourths of the 
48 states, a nd : r e sets of.'Baselines and Principal 
Meridians hi the Stare of Alaska. Figure 19 shows 
the baseli: s and principal meridans for the United 
States. Ai )phK ation of this is shown in Figure 2, 
which she ^ '1^ range and township boundaries in 



. Rural land surveys are conduct'^d for many rea- 
sons.* 

There are parts of the State of California where 
agriculture survives through intensive irrigation. 
Farmers using irrigation water are required o pay 
for the water according to the amount used. The 
method used is to assign an irrigation tax based on 
the type and acreage of crop to be* grown. Some 
crops need little water; some need a lot. Figure 20 
is a Skyl^b photo oi agricultural land adjacent to 
the Salton Sea in Southern California, It clearly 
shows the pattern of fields in the area. 

The irrigation authorities in California discov- 
ered that some ^armers were paying taxes based on 
one crop' but vere growiiig crops that required 
higher taxes. A system of aircraft surveys was in- 
troduced to identify crops in photographs of the 
area. 

The technique of making these crop surveys 
relies on the "spectral signature" of the crops. If a 
number of fields with different crops are photo- 
graphed at the same time with cameras sensitive to 



27 



(liffezrent wave! ingths in sible i 

r€d wavebands, the varies. rops \v 
:nt appearances in the p:K>LO:^aphi 
only needs, to hav(s posit denti: 
field bearing each crop tc 
the photographs. This tt 
more detail in Obse-uinf 
companion volume iv. ihis 



uiK infra- 
,ave differ- 
• urveyor 
on •)!* one 
-.tify^ill the f-Mlds in 
.que i> r r^cr ^ed in 
th From ">i y!ab, a 



In the Caliicrnia grap^ untry, ' pro-^, 

duced by spreading the apes c" kr-^ paper 
sheei> on the ground bet\ n the - v/f- vines. 
Airrrnme photographic sur\^eYs-were r^aut ~o deter- 
mine? bow many acres of the vineyar-i w^re **laid 
to raisins/' The photographic teanr; r,evelr'ped an 
exnerimental program to determine :he combina- 
tioii of photographic films and filter - chat L':ive fhe 
clearest spectral signature of the raisi:: dr>*ing areas. 
Then by comparing the qua. -ity of grape? on the 
ground with the quantity c i the trees in a few 
sample areas, a statistical sun ey was made daily of 
the entire area. In this way, a balance was main- 
tained in the harvesting of the grapes for raisins, 
: for fortification ;of wines, or/or the table. 



,2. SURVEY OBJECTIVES 

Before any survey can begin, it necessary to 
identify the subject and the reasonjn for the sur- 
vey^in other words, to identify the objectives. The 
number of survey topics that can be addressed by 
students is limitless. In this section, a few examples 
' of survey topics with suggested objectives are pre- 
sented. - 

Ono topic could be. to determine the distribu- 
tion of recreational land in a city relat ive to where 
the users live. The objectives of this tyr-e of survey 
could be; ' 

1) To relate the distribution ofjecrei lonal facili- 
■ H tier: to populat:: n distribution; 

2) To develop ar understanding of the factors 
that govern tl location of recreational facili- 
ties; ^ 



3) ro TV ihe recreational fa- ill: s toth. com- 

)lete c system, i.e., tri* e 't'e^ : the facilities 

^av( ii ildlife, plants, etc. or ihe impc":t-ance 

L)f the \v idlife on recreational activities m ^he 
faciii.y. 
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pic could be a ri ra] survey ^ osti- 
i^^os of different cm ns in jl: area, 
s of this kind of suit- y could oe: 

the role of the ar-iciiltural ii (ustry 
ecosystem and pi-n's place ir. it: 

le fields of farmland in the r^ea and 
: what crop was pkinted in eacn field;' 
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4) To define ury-land farmland and irrigated farm- 
land, (For example, in Figure? 21 the difference 
in appearance between drvd:?jid farms-and irri- 
gated farnis is quite clear. The f:i^lds along the 
river valle? at the lower edge of ihe picture are 
irrigated. The fields in the middle of the frame 
are d^-y land farms.); " 

5) To ^'r-z:■~' the yield of the crops in the area; 

6) To :JOi': -^te with the local farm bureau to 
determine' :ae accuracy of the survey. , 

Other survey topics for students include: 

1) The distribution of industries in the local area; 

2) The environmental effects of industries'" in the 
local ar(::i; . 

3) Locai transportation patterns; 

4) Factors influencing the location of industry in 
a r,ural area; 

5) Trends in residential growth; 

6) Factors influencing preservation of wildlife in 
the area; 

7) Applif:iition jf unusrd lar . for agriculture; , 

8) Environment and pu: ..' jf range land; 

9) The role of he forest u: our natural environ- 
ment. • • - 
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(liffezrent wave! ingths in sible i 

r€d wavebands, the varies. rops \v 
:nt appearances in the p:K>LO:^aphi 
only needs, to hav(s posit denti: 
field bearing each crop tc 
the photographs. This tt 
more detail in Obse-uinf 
companion volume iv. ihis 



uiK infra- 
,ave differ- 
• urveyor 
on •)!* one 
-.tify^ill the f-Mlds in 
.que i> r r^cr ^ed in 
th From ">i y!ab, a 



In the Caliicrnia grap^ untry, ' pro-^, 

duced by spreading the apes c" kr-^ paper 
sheei> on the ground bet\ n the - v/f- vines. 
Airrrnme photographic sur\^eYs-were r^aut ~o deter- 
mine? bow many acres of the vineyar-i w^re **laid 
to raisins/' The photographic teanr; r,evelr'ped an 
exnerimental program to determine :he combina- 
tioii of photographic films and filter - chat L':ive fhe 
clearest spectral signature of the raisi:: dr>*ing areas. 
Then by comparing the qua. -ity of grape? on the 
ground with the quantity c i the trees in a few 
sample areas, a statistical sun ey was made daily of 
the entire area. In this way, a balance was main- 
tained in the harvesting of the grapes for raisins, 
: for fortification ;of wines, or/or the table. 



,2. SURVEY OBJECTIVES 

Before any survey can begin, it necessary to 
identify the subject and the reasonjn for the sur- 
vey^in other words, to identify the objectives. The 
number of survey topics that can be addressed by 
students is limitless. In this section, a few examples 
' of survey topics with suggested objectives are pre- 
sented. - 

Ono topic could be. to determine the distribu- 
tion of recreational land in a city relat ive to where 
the users live. The objectives of this tyr-e of survey 
could be; ' 

1) To relate the distribution ofjecrei lonal facili- 
■ H tier: to populat:: n distribution; 

2) To develop ar understanding of the factors 
that govern tl location of recreational facili- 
ties; ^ 



3) ro TV ihe recreational fa- ill: s toth. com- 

)lete c system, i.e., tri* e 't'e^ : the facilities 

^av( ii ildlife, plants, etc. or ihe impc":t-ance 

L)f the \v idlife on recreational activities m ^he 
faciii.y. 
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pic could be a ri ra] survey ^ osti- 
i^^os of different cm ns in jl: area, 
s of this kind of suit- y could oe: 

the role of the ar-iciiltural ii (ustry 
ecosystem and pi-n's place ir. it: 

le fields of farmland in the r^ea and 
: what crop was pkinted in eacn field;' 

he number of acres cf each crop in 



4) To define ury-land farmland and irrigated farm- 
land, (For example, in Figure? 21 the difference 
in appearance between drvd:?jid farms-and irri- 
gated farnis is quite clear. The f:i^lds along the 
river valle? at the lower edge of ihe picture are 
irrigated. The fields in the middle of the frame 
are d^-y land farms.); " 

5) To ^'r-z:■~' the yield of the crops in the area; 

6) To :JOi': -^te with the local farm bureau to 
determine' :ae accuracy of the survey. , 

Other survey topics for students include: 

1) The distribution of industries in the local area; 

2) The environmental effects of industries'" in the 
local ar(::i; . 

3) Locai transportation patterns; 

4) Factors influencing the location of industry in 
a r,ural area; 

5) Trends in residential growth; 

6) Factors influencing preservation of wildlife in 
the area; 

7) Applif:iition jf unusrd lar . for agriculture; , 

8) Environment and pu: ..' jf range land; 

9) The role of he forest u: our natural environ- 
ment. • • - 
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Types of 3aia fc 



Afte: a student s. "vey : bv 
the objectives are cler : ly de . vd. 
to apply the available' data. / 
maps are required. 

In general, two types of ■ 
U.S, Geological Survey M: • a. 
graphs. For surveys to oe ;d 
boundary of a city, a urr 
map will add informal i i. ^ . hv . 
reiit **ga:- station" state la] 
Times, sj-.'rial survey r )s, .i. 
rieers plans or Bureau of I : .n 
nect?ssary. 



•41 seleett*! 
ihe next 
nost all su 

. V manda* 

aerial 
:ed withi, 

.. station' 
-;uiTeys. : 
u>l})fui. - 

■ Corps of 

ntion nla:': 



1 and 
'ep is 
rveys, 

>ry - 
oto- 
1 the 
city 
\ cur- 

En- - 



U.S. Geolo-Tical Siii vjy n.. 
any reponal federal c(MUer or 
goods stores. The address u\' 
center can be obtained fron 
tory lisiingf entitled "1" liteci r 



are availabh' iron 
:om some sporting 
:ie nearest federal 
• ' telephone dinn - 
ies Governrr:-::!. " 



"J i-re details on what t- ordr aid what to e:;pect 
are given in Section A o: this ."::apter. 

Other t.ypes^^daia mcluc. direct obsen-_uons 
of features recordec in phoi :zraphs or in te- 
books; rreasurement made 1i the field by :r ans 
of sun'eyors tools h as me . uring tapes, ]*'V Is. 
and transits; or data tained i ■ ''fomote sensf^-s." 



In thi> "jiica'aj 
a:;tBi^^d te -^"sten-^^ 
aooV' tht ground b; 
spacecraft, i.e., the c 
trdmeter. Thes(^ data 
iir.ac^es or as <4e(ir(' 
tar.- 



ihe tvrm "remote s(M:sor' i.s 
.ai "-'core! inforrnation from 
.!:• Tunv :its in aircraft or in 
..u ra - iiltinji'eter. or a ■ - 
vi'' able i|s photograph:/ 
I.; rmatio?^. on magnet 



Th:' ee ^en' ai - a . 

obtain rerr.c. . a*n>* 

the surface ^ ^a 

sources sate.. . anr 

craft. The Sra.. Sh 



:sa- ■ ( * iiav" i:)oen visec ~ 
la'. : ^: hered from abo ve 
a— ay aa-craf'L. by earth a^- 
oy :n A.SA's Skylal) si^ace- 
le, -che iuled for launch in 



the Icie 1 •70\<. ill aisn obrain remote sensor data. 

Aeria photograph- of all areas of the United 
States ViS-^ available m several different forms. 
Aerial photograph.s have been t^aken from altitud( 
of 12,00r to 25,000 feet of ar^as from about 4.5 
miles sqvare -tr 9 miles scjuare respectively. The 
chdSsic^ : nplic::::oa. of data obtained hy aircraft is 
fo: n:s:er -i^in;:. ' "he infonnanon is aanera^iy ob- 
r}:aw-e; v. iOLugraphs that ar used to upuate ex- 



ist ng maps, to make new maps of unmajjped areas, 
and to provide accurate eontour information 
thr:^ugh analysis of stereo photographs (see Why 
Si. 'r V From Spaci\ NASA Facts NF-ST ^-75). 

Aerial photographs are available ^from the U.S. 
Geologic al Survey Phqto-Mapping Service, the U.S. 
Department of Agricuiiure, NASA and from the 
Nationa: Jceaa.ic and Atmospheric Administration. 



Re: )te sensor information is provided by 
ERTS- the first Earth Resources Technology Sat- 
ellite, aat wa- launched by NASA in July 1972 
■ and is : all pro\ cling information to the ground. . 

El VvS-1 orbits the Eanh at.a^i altitude of about 
'920 kaometers (570 mil- . an orbit that passes 
close iM ,he North and .South Poles. This was the 
first o: a series of satellites with the primary pur- 
pose c'i demonstrating, the usefulness of remote 
sen.-or data in the study of surface conditions of 
the Earth. This unmanned satellite completes one 
c(-niplete cycle of scanning tht* Earth's surface 
e . ry 18 days. Information obtained by instru- 
nvaiits scanning a 185-kllom(M(M- (115-mile) square 
ixr^'d is transmuted t . Ibf a:-'^ . aa-ij^ctronically imd 
('(, weiled lo ahc toi: a;/nu' anages in four different 
•vavebands: two in the visihJ>j ll^hl frequency and 
ivv ia: infrared. Figure 21 is an example of a 
phf a f»;^r:rah obtained from this satellit^a 
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to LAND- 
1 and ;.he U' 
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uneh is pU; 



•rellite in this series w:is 
T thv urogram name wa^s 
AT. ZRTS-1 became 
^airaa^e is LANDSAT 2, 
>i ;\vo years. A third 
aed tor 1977. 



Sk 

to 

tail 

due 

the 

corr 



StMl.^(Hl Cl 

ab a.i three mann(H 
"l)vuary 1974. Ear i 
-] ;s phi)tographs 



I ••ere obtained from 
lissions from May lVi73, 
resource data were ob- 
a as electronically, pro- 
images. Some art as were photographed at 
iuw time by two c aiucra systems. One was a 
ination of cameriLs that produced photo- 
grapris in six different v. avebands— three in the visi- 
ble and hree r in ^^-li—all obtained at e.xaclly , 
the •■ mv tim(a Fig ■ ■ •a- ■ } was obtained by one of 
the.^ ca: era.-, on .J ..rjt ^j, 1973. The other was a 
higi res( aaion cam.eni :;hat obtained photcaraphs 
in ■ htn- ho visible or -ifrafed wavelengths. Eh^'c- 
tr :-: a da , a. were obtaai";: for altimeter appli aa- 
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tions, for determining surface brightness i -nipera- 
ture, and for recording tlie -reflected rad:..iU'e oi 
the Earth's surface in many ^lifferenl \v:r t^hands. 
Observing Earth From SUylab (NF-56V1- "5) i iv 
tains more information on these ins{ruir:' nts jid 
the datd they obtained. 



A. Where to Obtain Rem !y 
Sensed Data 

The following paragraphs give di'tailed i. rma- 
tion on the types of dai. available from dilY r-nt 
sources and show how {c i i lin it. 



Lyndon Johqson Space Center 
Research Data Fat:U.ity 

Mail Cdde TF-8 " ^. . 

Houston, Texas * *. :; . 

hiclu-. ■ th- names of prominent features in the 
area. Civ nan 's, rivers, and mountains should be. 
includec as wvu as latitude and longitude. Research 
Data Fa nlity personnel will check through their 
catalogs and provide you with photograph identifi- 
cation numbers that you can then send to EROS to 
obtain th-a copies you\need. 



At 1 a' \ 
phoi ogn phs 



■me 
•re: 



of writing the prices of EROS 



1. EARTH RESOl 
SYSTEM (EROS) 

Earth resource div.i. 
to the EROS Data 
meht of the hiterior. ' 

er6s . 

Data Management Cc ^ 
Sioux Falls, South DaK. . 



FS OBHERV.:.' )N 



Ik' I 'htain? ci by \vr aig 
division o'' the Dei at- 
iress is: 



The EROS- Data CVrter -.vill assist 



■n local' mg 
particular 

■ ri/.efl 'V- 

- d: 
:ajnt'- 



imagery and photoaraphy t{; suit tla 
needs of the user, Inc <. 'V'r cr^mpul 
age and retrieval system ... h:.,. on r 
coordinate.s (latitude and \o:.^i\ : • d: .d 
time of da-- tht^ photogrz^ v.. ao. o; "lajnt*-.. nd 
the scale of :he photograph- 

. > The recjiiestor may pv. ^i"^ \ne c< w-^r ' he 
latitude and longituiie ; oint > -nU • : or 

may define an area by givu:,. ..aat ude : i lo; «de 
of a maximum of eight . xieter p; ~:ts. .-e- 
ceipt of a raquest the c- a staff will io aite ae 
area of inter'ast and will pr-a re a listini.^ o 
graphs from which ,the r . sior can m. 
final selection. 

' EROS^ stocks Sky--..- a lotograph as .a^ 
LANDSAT (Eiri - araphs i \e - 

spacecraft operalec ah ■ ad: i.he it: 
LANDSAT: Consec,. "dy a.^yhib p -"-"-d^^^^ 
contain more detail th.^. LAiCDSAT. 

If you elect to use Skylab photograph in \ our 
•study, it is possible to ..alp FJIOS sp* ur our 
order by quoting the spt aific phorograp-. a* ^^-^ 
of the scene you need. You aan write :o th - 
lowing address for help. 
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FRTS/LANpSAT 



Pap. 
IVini, 


Scalo 


While . 


Color.- 


Area of 
Photograph 


70 mm. 
sqiuire 


1 :3.3G9,000 


$1.25 ^ 


\ 


149 mi sq 


9x0 


■ .1 00,000 


$1.25 




140 mi sq-i 


1^x1 in. 


; r>oo,o6o 


$3; 50 ' 


$15.00 


140 mi sq 


olix.-i ^ in. 


: .2af),000 


$9.00 


$25!qo 


1 40 mi sq 


Fihr 


•: vailable at Iwo lo thrGe'^(,imes Ihe above 

\ ■ 





ri cv 


Black & 
White ' 

parency 


Scale ■ 


\, 

Area oiV 
Photograph 


O o :. 




$iod 


•1:2,850,000 


100 mi sqS^ 


] 


; 2.00'' 


~~X' 


1:1,000,000 


100 mi sq ^ 


la.8 [i.. i 


. 5.00 


\ 


1: 250,000 


1 00 mi sq 


25.6 in. Si. 


2.00 




1: 250,000 


100 mT sq 



uch 



ii 



nay ^ 
Tech 
wide 
order 
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na! 



ace Technology, Laboratories 
is, Mississippi 3^520 
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(. 'lor eproductions cost about three times as 
k and whitei For more details write to 
ux Falls, Sou|;h .D*akota. 

outlet fqr'EROS services is located in 
uis, Mis^sissippu At, the National Space 
Laboratories, \ anyone can obtain, a 
meiy of Earth resources information' iihd 
hctographs by writirig to the following ad- 



2. as. GEOLlpGICAL SURVEY 

U.S. Geological Survey (USGS) maps are avail- 
able frbrri aiiy regional Federal Center and from 
certain ■ commercial stores- such as sporting goods 
stores. The nearest address should be listed in the 
telephone book under "United States Govern- 
ment— U.S. Geolpgical Survey." 

The most. common USGS maps are of an area 
IVi minutes square or 15 minutes square— that is, 
7^/4 or 15 minutes of latitude and TV: or 15 minutes 
of longitude. The scales of these maps are 1 : 24,000 
and 1:62,500 respectively. Both are sold for -75 
cents each at the time of writing. 

Other map.s are available. Check with the USGS 
office for.more details. 



3. SKYLABf EARTH) RESOURCES DATA CAT- 
ALOG. ' ^ 

" The Skylab Earth Resources Data Catalog 
(GPO-3300-00586), prepared by NASA, provides a 
complete indjex of Skylab earth .resources photo- 
graphs and other data, plus direction; on how 
copies can be obtained. It also provides a discip- 
line-by-discipline review of possible uses of the 
Skylab photog^^^phs and data with appropriate il- 
lustration^. It is intended as a basic reference work, 
or tool, for farmers, scientists, engineers, students, 
mineral developers, or anybody else who has a spe- 
cific need to obtain, interpret, and use remotely /. 
Sensed information. 

The catalog is divided into six major subject 
areas: 

1) ISand resource management—This (erm encom- 
passes familiar issues of public policy related to 
^ such; matters as population grpwth, economic 
development, land use, depletion of natural re- 
sources,, urban planning, , transportation, and 

' environmental impact, To meet dynamic map- ^ 
ping - and monitoring "requirements, - satellite 
data ' are currently being used by seven states 
(Alabama, , Alaska, Arizona, Ca,lifornia, Iowa, 
New York, and Ohio) and three interstate plan- 
ning agencies in the Midwest,' New England, 

. and the Middle Atlantic re^pns. 

•2) Water resources— Skylab and other space data 
are well suited to: exploring for new sources ot- 
water; making inventory of existing water si^p- *? 
lies in lakes, reservoirs, rivers, and snowfields; 



and assessing water quality in terms of turbid- 
ity, sedimentation, and temperature (by ther- 
;mal scanning). Depths of shallow bodies of 
water can also be estimated with some preci- 
sion. Space observation can establish the area- 
of a watershed and facilitate study of stream 
channels in relation to an entire drainage sys- 
tem, runoff patterns, and possibility, of flood- 
ing. River ice, crucial to transportation and 
flood prediction in some parts of the country, 
can be watched. Coastal lands, estuaries, ai'id 

V ■ w^t-lands--^with their ecological as well as eco- 
nomic significance— can be''d^lineated for anal^ 

/ ysis. . ' f 

3] Marine resources— Prom seeking to establish 
patterns of movement of schools of fish to 
measuring degrees of roughness of the open 
sea, Skylab data have increased our knov^ledge 
of the world's oceans and helped point to oper- 
ational marine satellite systems.' Better weather 
. forecasts and charts' of ocean currents and ice 
conditions are expected as direct results. To 
measure oceanic roughness or sea state, a mat- 

. ter of vast practical importance to shippers, 
Skylab successfully tested a combination of in- 
struments (radar scatterometer, microwave 
-^r-i^^ionieter, and altimeter) that provided ocean- 
wide readings starting at small-scale roughness. 
Channels, shallow areas", river discharges of sed- 
iment, and other features of watep^ys often 
show up better from space than by ai^ ofher 
means. , \ . * 

4) Geology and mineral resources-^Obviously, 
space photography^ and- data acquisition are- 
mad^ to order fpr^ geologic investigators in 
•^every facet of their ^work from theory to actual 
. mineral prospecting^^^Ih exploring for^inerals 
and hydrocarbons, the cpst per mile of space 
coverage is lower thai\ fdi;^any other method. 
Major mineral exploration ^organizations hsfi/e 
been wprking with Skylab \nd LANDPAT 1 
data whil6 Jncorp<5rating tise 6f space- data in 
plans for the fpture. Space sefisin'g, if is pointed^ 
\out, should be seen* as one^l^asic step in the 
overall prospecting program: ^fter reviewing 
satellite data, mineral exploration target maps 
. can be constructed with a. rating system to indi- 
cate the relative likeiniood of deposits in each 
target area. Decisions%n further exploration — 
such as , aircraft rerpote sensing, seismic\profil- 
ingi geochemical analysis, or field testing^^can 
then be made with a far greater chm^e of suc- 
cess. ' " . • 
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.5r) Agriculture, forest, and range resources-ySur- 
vey of the world's rice crops and battling Black ] 
Hills"**beetles are only the beginning in these | 
fields. Potential space .applications are enor- ^ 
mous: crop and timber inventories, yield esti- :■ 
mates, comparative analyses of crops, detection 
of diseases or insect infestations of vegetation, 
reconnaissance for potential logging operations, j 
location and mapping of -forest and range fire 
damage/ determination of animal-sustaining • 
capacity of range forage, and mViltiple use plan- , 
ning for forest and range lands. Skylab and ^1 
LANDSAT 1 data and experience have made 
major contributions, and now are pointing the | 
way to further hardware and techniques. 

6) Environment—In a broad sense, all Skylab ef- 
fort deals with man's environment. The data 
also proved particularly useful iregarding spe- 
cific environmental prolplems. Sources of water 
and air pollution, often can be located and the 
spread of contaminants traced for long dis- 
tances in a single photograph. Looking ahead, 
Skylab demonstrates the advantages of an 
Earth resources package, - including both high 
resolution camejas and electronic sensors, com- 
plementing each other's capabilities to perform 
a four-part environmental mission in space: de- 
tection, detiermination of source and extent, di- ' 
rection of aircraft surveys and ground measure- 
. ments, and monitoring changes. 

The Skylab Earth.- Resources Data Catalog is 
obtain^able from the Superintendent of Documents,* 
•U.S. Government Printing Office, Washington, D.C' 
20402 (Price $12.50). The book number is GPO- 
3300-00586: 



Eastern Aerial Photography Laboratory 
ASCS-.USDA 

45 South French Broad Avenue 
Ashville, North Carolina 28801 

Western Aerial "Photography Laboratory 
ASCS-USDA 
2505 Parley's Way 
.Salt Lake City, Utah 84109 

If the state ASCS office is not convenient, 
either laboratory above will assist in identifying the 
numbers of the desired photographs. Typical costs 
' of the photographs are: 



Size of Prints , 


Approximate 
Scale 


Cost of 

Paper 

Printij 


Cost of 

Film 

Positives 


9^2x9^/2 in. 


1:20,000 

(1 in. = 1667 ft) 


$ i^S/6 


' $3.00 


12x12 in. 


1:15^840 

(1 in. = 1320 ft) 


$ 4.00 


$4.50 


17x17 in. 


1:12,000 

(1 in. =^ 1000 ft) 


$ 5.00 ' 


$5,50 


24x24 in. 


1:7920 

(1 in. = 660 ft) 


. $ 6.00 


$7.50 


38x38 in. 


1:4800 

(1 in. « 400 ft) 


$12.00 


$6.00 



5; FOREST SERVICE 

The Forest Service, a division of the U.S. De- 
partment of Agriculture can provide aerial photo- 
graphs of numerous locations in the United States/ 
Black and white, Or color prints can be obtained of 
scenes photographed in visible light or infrared 
wavelengths. The prints are in a range of scales, 
predominantly 'l:15;840 and 1:80,000, 



Requests should be sent to" the Regional For-, 

4: AGRICULTURAL STABILIZATION AND ^ster in your area. The address should be listed in 

CONSERVATION SERVICE (ASCS) . *he telephone book under ■ 'United States Govern- 
ment— U.S. Department of Agriculture." Alterna- 

Three different types of Earth resource data .lively you can wrjte to: Th6 Forest Service, US. . 

are available from the .U.S. Department of AgricuK Department of Agriculture, Washington, D.C. 

^ture ASCS-ERTS/LANDSAT data, sVylab data,' 20250.^ . /\.. " ^ ^ . . 

and aerial photography. , • 

The.ERTS/LANDSAT and Skylab data can be - B. HOW tO US© DatSl" . , • 
" ordered from ASCS in a sii^Ueo" manner and similar 

cost as from EROS. The aeirial photographs-can be The multidiscipline study plan described earlier 

..ordered by state and county, and by symbol, roll, in this publication outlines the use of data for a 

and exposure number as listed in the state ASCS study of a flood-control dam. A different, type^of 

office. These photographs 'can be ordered from study, such as a rural .survey with the objectives of ^ 

either the Eastern or Western ASCS offices. The studying agricultural land use, would require that 

addresses are listed below: the data be used somewhat differently. 



A rural study requires the same kind of data: a 
gas station map, aerial photographs, multispectral 
space photographs', and USGS maps. 

First, the user would study the area of concern- 
on each of the above data. Each set of data would . 
then be related to each other to obtain a thorough 
Understanding of the area of the survey. The gas 
station map will present th^^.area in a large scale 
and in a format familiar to the user. It would gen- 
erally orient the area in relation to streams, lakes, 
cities, highways, and railroads. The aerial photo- 
graphs reveal the study area in a scale so the User 
can recognize all ifiajor. features— buildings, fields, 
structures, rivers, vegetation, etc. The aerial photo- 
graphs can be obtained in approximately the same 

scale as the USGS maps that define geological fea- 
tures: Space photographs are valuable in this type 
of 'study because they show the watershed areaf?, 
streams, valleys, and general land formations in a 
larg^area. Multispeotral photographs from aircraft 
or spacecraft can be used for crop identification 
and detection of crop disease. ^ 

After the user is familiar with- the data col: 
lected and has combined the essential features pn a 
single layout, a field tirip should be' made to the 
study area to compare actual conditions to those 
indicated on the maps and photographs and ensure 
that the layout is up to date. To identify the crops . 
that were in each field~at the time the multispectral 
pictures were obtained, the user must identify at 
least one field' of each crbp in the area. This will 
make.^it possible to establish the "spectral signa- 
ture"', of that crop as derived* from the multispec- 



tral pictures and then to identify every like cropjn . 
the area by merely analyzing- the multispectral 
IDhotographs taken during that same growing sea- 
son. Refer to Observing Earth from Skylah, 
NF-56/1-75, and the Skylab Earth Resources Data 
Catalog for more information regarding the inter- 
pretation of (multispectral photographs. The tech- 
nique consists- of comparing the ^gray tones in .the. 
photographs with a graduated gray scale, such as is 
marketed by Kodak, and recording the set of tonal 
values, for each field. All fields with the same conri- 
bination of tonal values (spectral signature) should 
have the same crop in the same state of growth.. 

1 

To determine the total area planted to each, 
crop in the scene, the user can measure the area of 
all the fields with the same "spectral signature.*' 
, Also, by similar analysis of multispectral photo- 
graphs of tHe same scene taken throughout the 
growing season, the relative health of the plants 
can be determined, thereby allowing the user to 
estimate^the yields of the crops. ^ 

/ High resolution and infrared photographs can 
be used to locate irrigation ditches and to differ- 
entiate betwee^i the- irrigated and dry-land farming 
areas. 

After the spectral signatures have been estab- 
lished for the entire area, a field, trip should be 
taken to fields not visited previously to verify the 
accuracy of the survey. The final results should be 
coordinated ' with the local farm bureau officie- 
where these types of data are gratefully received. 
Here, the user can get ah appreciation of the rea; 
sons for rural surveys. 



Appendix 



How Land Is Used 



This iidix ha^: been prepared to enable 
educators to help stiiclt^nts understand 'the interac- 
tions betweei :he :^onlInunity, the environment,. 
.;^-and the land Suggest: ons are included for class- 
room ac^ivii:. or 'ciiscussion themes to stimulate 
creative thoi. ::is by the educators. 

Cities, jnvays^. and industry take up about 
.-^_3% of the a] Jand area~'in^the United States. 
^^^boutGO^' ( the land is used for --agriculture, and, 
. livestock. Th- remaining 37% comprise government 
- land and reservations. ^ " . 

. ■ • f ^ ' \' 

Land pricr-s vary tremendously based on loca- 
tion and pcu rntial use. A square foot of land may 
-cost $2D(J* iin a metropolitan area and less -than a 
^ tenth of a. jent for some^ livestock pastureland. To 
^ '' a large extent, the price of land determines what it 
* will be used for—where to route highways or power 
• lines, wherr uo locaie a factory, and where to build 
permanent or recreational homes. There are. other 
considerations involved' in ^the use of land. Sites of. 
^ historical or religious interest may. be presei*vM 
. against development regardless of cost. More effec- 
tive use of land beconies increasingly important as 
population grows and technology advances. " 



URBAN LAND USE 

Land in a metropolitan area is used for the 
following purposes: commercial use, » housing,^ 
recreation, utilities,' and transportation. 



cept that the income from the business, ih addition 
to^ paying salaries and profits, must support the 
cost of owning and maintaining the land on which 
it is situated. _ 

Different types of businesses have different 
land use requirements. The basic requirements for 
a jewelry merchant are a display area for his wares 
and a small storage area for his inventory^HisTtier^ 
chandise is characteristically small iil^ize but high 
in value; his entire inventory is not bulky, 

- A doqtor's needs are d if ferent~ra waiting area 
.and a number of private consultation rooms are the 
priiicipal requirements. Space for storage for the- 
doctor is also a very minor consideration. . 

. The large factory is ^ different case. Storage.' 

'requirements almi.ost equal the area devoted .to 
manufacturing. Transportation is an important ele- 
ment in^vdeterminlng the location of a factory. Emr 

^ployees^ must>be able to travel to and from their 
work. ^If adequate public transportation is riot 
available or . used; parking area , must be provided. 
Delivery of raw materials to' the factory must be 
possible' by road or rail,, and delivery of finished 

■ products must also be possible. Ask the student to 
list the special transportation requirements of the 
following factories. 

A factory that makes automobiles. 

A factory that makes ship^. ■ . 

A^ factory lhat makes airplanes. 

A factory that makes potato chips. 

Have the student list some other businesses that 
have their own unique land use requirements. . *• • 



'Commercial Use 

" C.oiEnnercial land uses range froni the spiall 
merchant's store on Main Street to the, large old 
industrial plant t)n^the fringe of the downtown area 
or the new industrial^Wea-in^he suburbs. Each has 
its role in the economy of the community. The 
business use of land is based on a number of eco- 
nomic factors and can be summed up by the con- 



Housing ^ ^ . 

I - ' - • " , 

Residences must be made available for all levels 
of inconie and require a considerable amount of 
land area. Zoning of residential areas must.be seri- 
ously considered because , families with the same 
income place different emphasis" on their living 
conditions. A family in the high income bracket, 
may prefer a beautiful large home with open spaic^, 
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while another will prefer a plush city apartment 
with no^ maintenance worries. Certainly these types 
of dwellings cannot be permitted to be randomly 
built throughout residential areas because the ob- 
jectives of both groups would be defeated. In the 
middle or low income brackets, one family may 
place emphasis on a late model car and another 
family with similar income will prefer to drive an 
older model andVpend the resulting savings to up- 
grade their. residence. **A man's home is his castle" 
regardless of the type it is. Whether large or small, 
housing costs represent the largest part of most 
family budgets. For these reasons, all metropolitan 
areas provide for varying property sizes as well as 
home sizes., 

Request your students to list some areas in 
their community that are zoned for apartments 
and some areas that are zoned for one-family resi- 
dences. Also, have them list other categories of 
zoning besides housing areas. 




Waterfront Apartment Towers, Boston, 
Massachusetts 



Recreation 

Recreational areas are established where people 
can enjoy their leisure time. Lakes, parks and play- 
grounds provide for family enjoyment. Athletic 
fields are provided to encourage people. of all ages 
to participate in some form of athletics to maintain 
good health in the community. One of the largest 
uses of land for o-ganized recreational purposes is 
for golf courses. 

As the standard work week is reduced, people 
have more time to use recreational areas, and be- 
cause there is less manual labor required by most 
jobs, people need more recreation. Here, again, the 
population increase and tHe technology advance- 
ment directly influence the need for these/ areas. 

Because recjeation also includes' watching ath- 
letic activities, spectator space must be provided at 
athletic fields, race tracks, etc. Making a list of 
athletic activities existing in yoUr local area will 
help to identify the ones most likely to attract 
spectators and those which are least likely. 



Utilities 

Land must be provided in or near cities for 
utility services that are necessary for society to 
function. Gas, oil, and coal t\re extracted from the 
earth and are used to generate, electricity. Power 
generating stations are large facilities in which. the 
energy in gas, oil, or nuclear fuel is converted into 
electrical power. Characteristically, power gener- 
ating stations are located in or near the cities so 
they are close to the users of the power they gener- 
ate. Gas and oil-powered generating plants, or 
power stations, need fuel supply systems. Coal- 
fired power stations need coal storage fireas in addi- 
tion to supply lines. 

Regardless of whether oil wells are located in 
the area, most cities of significant size in the 
United States contain oil refineries. An interesting 
class activity would be to talk to lociil oil refinery 
officials to discover why this is so. 

Water supply is another utility essential to the 
community. Water supplies are drawn from under- 
ground sources or from water that has drained into 
the river valleys and collected In reservoirs. These 
reservoirs may be many miles from^the cities. Puri- 
fication imd pumping stations are usually located 
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very close to the cities, irhis minimizes the possibil- 
ity of contaminating the water by pumping, it 
through long supply pipes after it has been" puri- 
fied. 

At the other end ofstheV^utility sptM^truni are 
waste disposal systemk for sewage and trash. Thise 
systems have their unique land use requirements, 
and also require rigorous environment protection 
efforts. Have your' students list some environ- 
mental restrictions that must be imposed on the 
location of waste disposal systems. 

Transportation 

Transportation is a vital part of our' society mid 
has a wide variety of land use needs. Roads and 
railroads are necessary to link eommunitit's. Thry 
are used within, the communities to move prople 
and merchandise and to provide srrvKr,s, 

i ■ 

A familiar urban feature is the parkiti^ lot for 
the vehicles that use the roads within and b«>tw<H^n 
communities. Ask your studetits to give the rail- 
road equivalent oP these areas. ^ 




Urban' Transportation in Manhattan 



F<aw materials for erier^o' production rt*<iuire 
Iransportation systems. ()»1 produi'tion n»quire^ 
ocean terminals where fui»l is pumped i;ito or out 
of tankers. In January lt.)7 5» Prt^ident Ford si^^m-d 
a bill supporting the development of deep water 
harbors in the United States f(^r use by i^umt oil 
larikers. Ask tne cl:is.s how deep the%e barbofh rnujit 
be to ai'fomhuKlaie th<' ver>' hir^e uU taiik*-r^. 

The location of new airport.^ and the expansion' 
of. existing ones h:LS another st^t of land use cor^- 
sideratiVjns. Aside frt>m obviuve. prubb-nw of lurj^e 
atni)Utit»s of land re<.|U{rKl, there are other fuet^rn 
to consider, suelt as safi-t> M\d moim- polhU4(.>n 



KlJKAl. LAND DSK 

l^uuJ in rural area.-i has a van«-ty of um-!> in- 
eludmt;: ai^ric^ulture^ uidu^try. etu'tvy prtxlui'tioii, 
transf)ortation, forestry, recreutjoii, ami environ- 
mental prote(»tion 

Agru-ulture 

Throughout the world iht- ;ij^»rjeuliurul use:* of 
land are th«- same: rujsmv: hv>"itork and pro* I uein|*. 
crops. lUit that »^ vvb»'r«* the *>ntul.^nti»-> rnd. The 
techimiues of raismj^' hv»*>ttj* k vary wulely In huliit 
eattl*^ lire eonsuli^n'd «sai*r*-t{ and ,in- |HTnutte<r (o 
go where they wish wUhotit '-otUrol; theW* no 
attempt to r*onverl cattle ti» fotMl. I he .\!,v,^iu lt\\H* 
in Kenya, Africa, i^ra/e their cattle, on vt-ry ^^jKar^* 
ve^jetation but d(» not shuiv;hter th»Mn for Ih^' mrjil. 
h^^tead. th4vy u-^e the bUuKl of the aruniaU ft>r 
food. , 

in Denmark, wb**n* tiie yield <tf* fo<Kl J>«»r 
hectare (2.471 acre:*) is ptK^iihJy the hl^he<»l in the 
world, cnttU* are graz«»d whenever ^nrim ^frowi^ In 
the TJnited States, cattle are jframi fin*t on tht' 
op<»(i range and then fattened tn fee<! IoXa whert* 
maximum s|M\cial f<Hwl and mniimum phy*ic»l ex- 
ertion of the animal.H pro<hi< e^ la?ily for th*> 
table. - ' 

Kg^ prod uc turn in the l-rute<l Stat^-:^ as well ;i5t 
parts of Fy'urofH* has become highly mecbani/ed. 
('hicken.^ K\m*{\ in rne< hnni/.ed egg prtMluction never 
st»e the light of day. (.'hu k,^ are hatche<l in ^nc^^ 
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Example of the Gombination of Sea and Land TtvnspoHation (Prepacked containers transported on ships 
"afe 'ldaded on trucks for direct overland delivery.) 



bators and raised in brooder houses. An incubator 
maintains the temperaturp and humidity better 
.than a mother hen and produces highei* hatch suc- 
cess. The brooder provides the young chicks with 
the ultimate in living conditions for the first few 
weeks of their lives. Adult chickens then spend the 
rest of their productive lives in cages. Food and 
water are provided automatically. Illumination of 
the building is artificial andi is controlled auto- 
matically-. Eggs are collected, checked, gradc^d, 
cleaned, and packaged automatically (for more de- 
tailed information, see the National Geographic 
Magazine y February 197^). 

Similar levels of mechanization are possible in 
the production of milk and milk products. Ask 
your students to identify some of the machines 
used in milk production. 

Similar variety exists in the area of cro)) pro- 
duction. There are still parts of the world where 



crops are grown on land that is cultivated in the' 
slash and bum manner. The trees and brush on the 
land are cut down and burned, and crops are 
planted on the soil that has been **enriched" by the 
ash. When the soil "Is depleted, another area of 
forest is cut and burned. 



In some areas in Southeast Asia, rice is grown 
on terraced fields that follow the contours of all 
but the steepest hillsides so that very little available 
land is wasted. 



Crop production in the United States varies 
from the smalt truck garden -where vegetables are 
grown for ^sale at roadside stands, to the vast, high- 
ly mechanized, wheat farms of the midwest where 
plowing, planting, fertilizing, protecting against 
nests, and harvesting are all performf?t}*by machines 
(again see National Geographic Magazine, February 
1970). 
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a. Combining Wheat 
" Agricultural Land Use in Nebraska 



b. Baling Hay 



— -WiUxtli^' continually increasing world popula- 
tion, tho noed for food production i.s of paramount 
importance. Too many people ar(^ und(M-fed, On a 
world-wide basis, the land used Tor food produc- 
tion should be used in th(* most efficient way pos- 
sible, and more land should be put into use for this 
purpose. \Vh(n*ever possible, the richest farmlands 



should be pre<^erl'ed for the production of food and 
should not b(j used for highways, (Uties, and Indus-' 
try. Ask youjr students to identify some of the 
famine areas (|)n a world map. Also, have th(?m plot 
the annual rainfall for thos(» areas during the 
periods of famine and see if there is any coiTola- 
tion. j 

i 



Industry 

Not all industry is located in cities or even in 
their suburbs. Many industries arc locattT^d in the 
country. Foi^ the most part, these are the plants 
that niine or process raw materials. Cement fac- 
tories are usually located near the sources of stone 
from whiclj the cement is made. Other industries 
that extract minerals from the gi'ound and process 
them for future use are similarly located. Can your 
students identify any e.<iamples of these? In vyhich 
state is the Bingham ^Canyon Mine located? What 
mineral is extracted? 

Some industries are located-in rural areas for 
safety reasons. An example of this type of industry 
IS one that produces hazardous products such^as 
explosives or toxic -materials such as radioactive 
isotopes, Other nonhazardous industries are lo- 
cated in the country for no other reason than the 
desire to be in attractive surroundings. Have your 
students list some local industries that are located 
in the country and ask them to give reasons for 
that location. 




Cement Factory near Lyoi^s, Colorado 




Workers Fishing on Their Lunch Break Near Lyons, 
Colorado, Cement Factory 



Energy 

The sources of energy are frequently located 
av^ay from the centers of population. Coal may be 
obtained either from deep underground mines or 
dug out of seams that have been exposed in what is 
called open-face or strip-rhining operations. Wh|^ 
the older deep miires are located in urban ^reas, 
because the towns have developed around the 
mines, the pp^n-face activities are located in open 
country. 

Deep mines require a number of specialized fa- 
cilities including buildings to house the machinery 
that raises the coal and the workers to the surface, 
coal sorting machinery, railroad car loading docks, 
and lureas in which to dump waste products. Open- 
face mining operations can dump the waste 
products back into the trench from which the coal 
is removed. 



Ask the class to discuss a recent environmental 
issue related to ppen-face coal mining. . 

■ ; -v / 

. . . ■ ' ' ' 

Facilities for extracting oil or natural gas from 
the ground are similarly disposed. Some are in 
: urban areas, but the majority are located in r'tiral 
areas.; In fact, some are located miles off shore. The 
land-based oil wells, of greater interest than off- 
shore.;' facilities in this discussion, require pumping 
machinery, storage tanks, and the equipment re- ^ 
quired to transfer the oil to other forms of trans- 
portation such as ships, railroad tank cars, tanker 
trucks • or pipelines. 

Electrical power is produced in facilities lo- 
cated outside of, or quite remote from, the cities 
thajt-^are the major use'^s oif that power. Hydro- 
electric power stations must be located close to 
reservoirs. High dams Hold^back river water until an 
adequate and constant head . of water can be 
achievedjto drive turbo-generators. A field trip to a 




Grand Coulee Hydroelectric Power Dam on the 
' ""Co lum bia ii iver 



hydroelectric power stiition near yolir school 
would F)e : very interesting activity. Power station 
perso;u el are usually proud to have mi opportunity 
to de.scTibe their facility and the imjx)rtant features 
of the process.' V 

, "X 

Nuclear* powered genenitiiig stations art* usuall>^ 
located outside cities for ''different reasons. There 
has been much discussion recently on the environ- 
mental hazards, that may be associated with these, 
facilities. The^udents can be lusked to list these 
potentioTfrnZtirds. • . 

A similar envj;k^ri\mental discussion has dev*?!- 
oped around a coal-firM electrical power station m 
the Four Corners arei. Where is the Four Corners 
area and.Av.hy;^ is it- so named? Why Is a power tui- 
tion there? What area does it provicle with elec- 
trical power? ' \ " V 

Transportation » 

Rt'iids, M il- uds, electrical power^^fnrT; 
pipelii s f( V.'.:. "pis, and oiher commoditu-s are . 
requir* )ss :he country, floads and railroads 

genem lou th^ hiost direct routi«t that pro- 

vide ,;ades and maximum safety, thry would 

not ..»d in areas that are subjected to nevefcf 

oodi'i^' vx each rain >*t()rm. Similarly traffic 
routes avTo.vs mountains attempt to u?te low x\\x\' 
tude passes instead of high altitude .pa.<s<w. Have 
the students give the reasons for this. 

The requirements' for road and railroad build* 
ing are very similar. The main difference that 
roads can use somewhat steeper grades and ^smaller 
radius bonds. Can your .*itudent.s exphwin thii?*? 

The development of the railroads in ihe lat«»/ 
19th century played a major role in the hi.^tary o/ 
the nation. The map. shows a portion of Knn^ti. 
Note that the major railroad rout<^ run in r^la-^ 
, tively stniight lines, that numerous communltje* 
are locatecl along them, and that they are |>aratletn:l 
by highways. Have your students explnin why thiA 
is so. Which cgime first the towns, the railrtKuls, or 
the highways? \ ^ 

Overland transpt)rtati<in of ga.^ nnd <iH is pro- 
vided by cross-counti^ pipehnc^* railroad fank can*. 



and' tank trucks on the high-Nyays. A network of 
pipeiiaes... criss-crosses the 'entire country. A new. 
major, pipeline is now being constructed after some 
years of argument over the envi^pnniental effects. 
Can your students give the name and location of. * 
this pipeline? 

Many commodities are transmitted acrpss the 
country through, pipes. Mixtures of solius and 

' liquids can be pumped hundreds of miles through 
pipelines.. The '*Big Inch" (2.4 inches diameter) and ^ 
the *Xittie Big Inch" (20 inches diameter) are ex- ^ 

' amples of this. During World War II, the govern- 

■ ment constructed these pipelines under emergency 
conditions- to meet the demands of war. They orig- 
inally carried crude oil from Longview, Texas, to 

•• New Jer$ey. After the.emergency they were sold to 
private industry. The ''Big Inch" still carries crude 



omI while the ''Little Big Inc ' has been'converted 
for transportation of petrole'—a products. 

Electrical power is "transported" across the 
country by high voltage transmission lines. The 
Smithsonian ATagae me states that jtljere are now 
some 120Q^miles of powerlines. transmitting elec- 
tricity at 765,000 volts, and that voltages as high as 
2,000,(500 are* being considered. An interesting, 
and to some a disturbing, feature isHhat the elec- 
tric field^around these lines, is so strong that a 
fluorescent light bulb will light up >^ithout power 
connections even when held as much as 50 feet 
away from the powerline. Ask your students to 
locate the local main power transmission lines and 
give the voltage. A visit to the local public service 
company or a visit by one of the public service 
engineers vl^ill be ve^ inforn v\ live.' . 




OKLAHOMA 

Map of the Southwest Comer of Kansas Indicating the Development of Towns, Highways, anfl Railroads 
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Typical Freeway Intersection 




Rivers such as the Mississippi are used as 
transportation routes. This is a boat designed 
especially for pushing barges. 



Fc ^ 

Forests cover vast areas of the nation. These 
vary from the predominantly hardwood forests of 
the eastern states to the predominantly softwood 
forests of the western states. The hardwoods in- 
clude oak; ash, maple, and walnut; the softwoods 
are the pines, firs, and redwoods. Both types of 
woods are used extensively by man. Ask the 
students how each type of wood is used. 

In addition to providing a source of raw mate- 
rials, forests play a vital role in the natural environ- 
ment .of the country. For many years, we have 
beeir uirged to prevent forest fires that can en- 
danger th6 lives of wild animals, the lives ancl prop- 
erty of people wholive nearby, and the lives of -the 
men who fight fires. Can the class list the dangers 
resulting from forest fires? Now we are told that 
naturally started fires, in certain National Parks are 
being allowed to burn themselves out. Can the 
students give the reason 'for this apparently con- 
flicting approach? 

Recreation 

The recreational uses of the land are", m'any. 
They range from the arduous athleticsports of ski- 
ing, water skiing, surfing, and mountain climbing, 
to the mote contemplative activities of fishini^ and 
enjoying beautiful scent;ry. 

Recreational activities are generally seasonal. 
Skiing obviously requires snow while water skiing 
and surfing generally require warm weather. Hunt- 
ing seasons are governed by the breeding cycles of 
the game as is fishing to a lessj&r degree. 

Water sports such as boating, both power and 
sail, and water skiing are encouraged in the major- 
ity of inland water areas such as natural and man 
made l^kes. Hunting tak^s .place in all states al- 
though, the nature of the game pursued may vary 
from state to state. Ask/the class to list the types 
of game hunted locally ,/and to identify the seasons 
related to each type of game. 
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These Sand Dunes in Colorado are Dedicated to 
Recreational Activities ^ 

Environmental Protection 

Environmental protection or const^rvation is 
being discussed with much greater fn^quency and 
interest in recent years. The objective is to preserve 
the natural or artificial conditions of the many fea- 
tures of the countryside. 

Conservation* of the forest- areas preserves the 
beauty of the trees and th(? natural habitat of the 
wild life in the area. It- helps retain the top soil in 



place; destruction of forests exposes ihe top soil to 
erosion by natural and artific:ial forces, ivhich in' 
turn causes pollution of v^^aterways thi^t dVain these 
areas. Suggest that th^ students relatt> this condi- ' 
tion to the discussion of forest fires on page 23. 



Conservation of agriculture land fjelps main- 
tain the quality and productivity of \farmlands. 
Conservation of rivers and other bodieJs of v^ater 
maintains the quantities and quality of\ water' for 
our needs. • . \ 

The targets and methods of environmmital pro- 
tectit)n are continually being expanded! as new 
threats are identified. Some of these threats are 
associated with industry— the ruining lof the 
countryside with unrestored open-face mines and 
the pollution of rivers by effluents from iijdustrial 
facilities. Vast areas of agricultural lands jwere al- 
most destroyed in the early part of this century as ^ 
a Jesuit oLcultivation practices that did notj protect 
the .delicate balance of soil and natural ijioistiu-e 
uniqire to that area. Have the students show the 
area nrlost affected and the most apparent results. 

_^ • / ■ 
. Regrettably, many recreational activilies result 
in damage to the natural order of things. Forest 
fires can be started by careless people who-discard 
matches or glass bottles or leave campfires burning. 
Erosion of hillsides results from careless us(^ of 
recreational v-hi: h\s suc h a.^ trail bikes, snow 
mobiles, and all-terrain vehicles. Spectacularly 
faeautifuj sce.nen,' is spoiled by carelessly discarded 
litter. 

Each of us must show concern for the needs of 
each part of the countryside.we visit so that we can 
preserve it for nature and for future visitors. 

The foregoing paragraphs are but a brief. sum- 
mary of the many uses of land and have been in-, 
eluded to stimulate thought, discussion, and pos- 
sible evaluation of land applications near your 
school. \ 
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